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I 

'Fhe study of sox dotennination among organisms — a subject obviously 
included under the greater problem of the origin of variation, since sexual 
dimorphism is the most striking and constant form of intraspecific variability 
both in animals and plants — and the related but miieh more restricted prob¬ 
lem of polyinor|)hism, have of late attracted the attention of many biologists. 
A perusal of some of the literature bearing on these subjects, however, has 
convinced me that the simplicity of the (|uestions involved may have been 
overestimated. That this is especially true of polymorphism as manifested 
in the social insects, will, I believe, be evident from a consideration of the 
facts recorded in the following paper. At any rate, it will not be a difficult 
task to show that we are still very much in the dark concerning the funda¬ 
mental causes of the differentiation of one sex into several distinct phases, 
and, while it may be urged that the j)roblem of polymorphism as it is pre¬ 
sented by the social insects, may be more complicated than that of sex, on 
purely a priori grounds th(^ opposite view would seem to be the more prob¬ 
able, for polymorphism is undoubtedly not only a more restricted phenome¬ 
non but one of much more recent phylogenetic and ontogenetic development, 
and hence presumably dependent on conditions both more specialized and 
more amenable to observation and experimentation. While the observa¬ 
tions recorded in this article suggest both the need of experiment and some 
of the points at which the problem is open to this method of investigation. 
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they indicate with equal force that the causes of polymorphism may be so 
recondite as to give little encouragement to the crude physiological methods 
at present available. In other words, much water will have to flow through 
the biological mill before we possess sufficient knowledge of the physiological 
chemistiy of such small organisms as the insects, to enable us to determine 
the exact nature of the subtle influences that decide whether an ant or bee 
shall become a queen or a worker. 

The following observations relate to some of the unusual or pathological 
individuals occasionally found in ant colonies, and referable, with more or 
less probability, to trophic disturbances induced by specific parasites. The 
inferences from these cases have a value approaching those derived from 
experiment, since the phenomena make their appearance only under very 
definite circumstances. 


PART I. OBSERVATIONS. 

1. The Parasitism of Orasema and other Chalcidid-e on ants. 
xi. Orasema viridis Ashmead. 

This beautiful Chalcidid is abundant in Texas in the nests of Pheidole 
Icingi Andr^' subsp. instahilis Emery, but only from May to September. For 
this reason I failed to notice it till May 25, 1903, about six weeks before I 
moved from Austin to New York, although during my four ycars^ residence 
in Texas I had examined hundreds of instahilis nests during the autumn, 
winter, and early spring months. 1 was so much impressed with the peculiar 
behavior of the Orasema and the ants that I devoted to the subject every 
available moment of the short remainder of my sojourn in Texas, but the 
necessary preparations for my departure, the intense heat, which sets in 
during the month of May, and a peculiar misunderstanding of the conditions 
under whicdi the Orasema develops, seriously interfered with the progress of 
my w’ork. It was only after 1 had left Texas that the study of preserved 
material led me to what I believe to be a correct interpretation of the life 
history of the insect. 

Before describing the Orasema and its development it will be necessary 
to say something about the host. P/i. instahilis is a common ant in central 
Texas and certain parts of Mexico, at least as far south as the State of 
Morelos, where I have taken it near Cuernavaca. It forms populous colo¬ 
nies which prefer to nest under stones in sunny places. In central Texas 
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it is often found in bottom lands and waste places where the soil is rich 
and supports an open growth of grasses and especially of Crotons (Croton 
texensw and C, monanthogymis). It is a harvesting species and stores the 
flat chambers of its nests with innumerable seeds collected from all the 
plants in the neighborhood. Like other harvesting ants, however, it does 
not confine itself to a vegetable diet, but eagerly seizes on any insect food 
that may fall in its way. 

In common with other members of the great genus Pheldole, insteihilis 
presents four phases known as the soldier, worker, female and male respec¬ 
tively. The soldier is 4-4.5 mm. long. The shape and extraordinary 
proportions of its head are shown in Plate I, Fig. 1, and Plate V, Fig. 63 o. 
Its gaster is black and shining, the mandibles and clypeus are dark brown, 
the remainder of th(i head, thorax and appendages reddish brown. 

'Phe head is subopaque and elaborately sculptured as shown in the fig¬ 
ure. The worker (Pi. I, Fig. 7, and PI. V, Fig. 63 c) is only 1.5-1.8 mm. 
long. It is shining throughout, and of a dark brown or black color with 
yellowish app(‘ndages. '^J4ie female (PI. J, Fig. 8 and PI. V, Fig. 63 cr), 
which measun's 5.5-6 mm., is dull black, with the legs, anteniipe, mandibles 
and anterior half of the head yellow. The wings (removed in the specimen 
figiir('d) are yellowish hyaline with pale veins. The male (PI. I, Fig. 9 and 
PI. V, Fig. ()3 e) is a much smaller and more graceful insect than the 
female, measuring only 4 4.3 mm. Its head and gaster are black, its thorax 
and a[)p('ndages sordid yellow, the former with pale sutures. Its wings 
resemble those of the female. 

While insiahUis agrees w4th its congeners in having tht‘ four phases just 
di'scribed, it differs from all except a small group of North American species 
of Pheidole, in presenting in every well-developed colony a scenes of individuals 
intermediate in size, structure, and sculpture between the soldier (PI. I, 
Fig. 1) and the worktT (PI. I, Fig. 7). This series, wdiich is very complete 
in large colonies, is re})resented in Plate I by a few selected individuals 
(PI. I, Figs. 2-5 and PI. V, 63 r). llie occurrenc*e of such intermediate 
forms, though well-known in some other genera of ants, like Solcuopsis and 
Camponotus, is so unusiLd in the genus Pheidole as to call for the special 
explanation which I shall attempt to give in the sequel. It is also an inter¬ 
esting fact that the organs are not always reduced in size in strict correlative 
proportions as we descend the series of intermediate individuals from the 
soldier to the w^orker. As shown in Plate I, Figs. 5 and 6, for example, the 
antennal scape may be of the same length in two individuals which differ 
considerably in the size of the head. Or, again, as shown in figure 4, the 
scape may be longer in one individual than in others wdth larger (PI. I, Fig. 
3), or smaller heads (PI. I, Figs. 5 and 6). 
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The acme of the colonial activities of Ph. instahilis is attained during 
the latter part of May and the first weeks of June. Then the nest is full 
of eggs, larvce, pupte, and callows of all the castes and presents a bewildering 
appearance, owing to the fact that the brood is not assorted according to 
ages, as in many ants, but lies jumbled together in the different chambers 
and galleries. The functions of the workers and soldiers are clearly dis¬ 
tinct. The former are far and away the more numerous, and notwithstand¬ 
ing their diminutive size, may be said to manage the affairs of the colony. 
They collect the seeds and dead insects and drag them to the nest. They 
excavate the galleries, feed the brood and carry even the huge female larva; 
and pupse from chamber to chamber and assist the callows in escaping from 
their pupal envelopes. The soldiers act as carvers, or trenchers of the 
tough insects and hard seeds brought in by the workers, llieir powerful 
mandibles admirably fit them for this office and for guarding the nest. 
They arc often seen to form a stationar}^ cordon about the brood and the 
callows in the chambers. They are never seen to eat the s(mm1s or insects 
which they cut up for the other members of the colony but arc fed on liquid 
food regurgitated by the workers, lliey are very stolid and inactive, very 
rarely leave the nest and never assist in carrying the larvje and pu|>te about. 
Their heads are so large in proportion to their bodies that, when dropped 
on their backs on a smooth surface like that of glass or j)olished wood, they 
are often unable to. right themselves and may die standing on their heads. 
The intermediates are much more active and may be seen to leave th(‘ nest, 
collect food, carry larvfe and, in short, ])erform all the duties of the workers 
which they approach in their smaller size and smoother sculpture. 

The larvie of all the castes are provided with several pairs of flexuous, 
anchor-tipped dorsal hairs, by means of which they may be tein})orarily fixed 
to the earthern walls of the chambers or to tin" rough surfaces of the stone 
covering the nest. While in this position they are fed by the workers with 
bits of crushed seeds or insect fragments in the same ay as the larvae of the 
Ponerine ants. At least the younger larvie of the males and females, how¬ 
ever, appear to be fed largely, if not exclusively, with regurgitated liquid 
food. 

Ph. instahilis is veiy common at Austin in the bottom and along the 
banks of a small limestone canon, known as Shoal Creek. There, during 
May and June, 1903, I found a great number of colonies. Several of them 
were confined in artificial nests of the Fielde pattern and one was kept 
under observation till the latter part of September. I also preserved whole 
colonies in alcohol after killing them in water heated to 80° C. 

Fully half of the colonies examined were found to contain the peculiar 
parasites 'which Dr. W. H. Ashmead has kindly identified for me as Orasema 
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viridw Ashm., a Chalcidid fly originally described from specimens collected 
at large by Mr. E. A. Schwarz near San Diego, Texas. 

The genus OrasemUy which belongs to the subfamily Eucharinee, was 
originally established by C^ameron on O. stramineipes from Panama, in the 
‘Biologia Centrali-AmericanaAccording to Ashmead,^ this genus is 
cliaracterized by the possession of 10-jointed antennae in both sexes, and in 
having the right mandible two-toothed, the left with a single tooth, and both 
mandibles acute and falcate at their tips. The genus appears to be largely 
restricted to tropical and subtropical America but extends somewhat further 
north in the western than in the eastern portion of the United States. 

The female 0. viridis (PI. I, Fig. 10, and PL V, 03 m) measures 2.5“3 
mm. and is deep metallic green with the clypeus and thoracic dorsum more 
golden and the gaster blue or violet. The head, thorax and petiole are 
uniformly and dtmsely pun(‘tate, the gaster very smooth and shining. The 
legs are honey-yellow, excepting the middle portions of the femora, which 
are metallic* green, and the terminal tarsal joints, w^hich are black. The 
antennae are black, with the basal joints yellowy as are also the mandibles, 
tongue, and palpi. The wings are very clear and iridescent. The cpinotum 
and scutclliim tog(*ther form a rounded cone through which the thorax 
reaches a gr(‘at(‘r vertical diameter than it does elsewhere. The male 
(PI. J, Fig. 11, and PI. V, Fig. (i3 n) is distinctly smaller than the female 
(2.3-2.5 mm.) and differs in having a much longer petiole, a much shorter 
and smaller gaster, and longer and thicker anteniue, with the basal joints 
black inst(*ad of yellow. 

On o]X'ning a large Instabilis nest a dozen or more of these superb insects 
may be seen lying on their sidt\s or creeping about among the ant-brood 
(PI. V, Fig. 04). It is also (*asy to re(*ognize their pupa*, wdiite when young 
or n(*arly ready to hatch, of a dull blue-green color when mature, scattcrtnl 
among the larvjc and ])upa* of their hosts. Suc*h nests present a splendid 
appearance, reminding one of a jewel casket in which the sapphires and 
emeralds are represented by the Orasema, the [)earls by the larvte and pupte, 
the opals by the iridescent w ings of the ])arasites and of the male and female 
ants, the garnets and bits oT jet by the glistening black and i*ed seeds and the 
red heads and bla(‘k bodies of the soldiers. 

As soon as the nest is disturbed, the w’^orkers seize the Orasemcp and their 
pupaj and, even at the risk of neglecting their owm brood and callows, carry 
them bodily to a f)lacc of safety. In artificial nests this great fondness for 
tlie Orasrma may be witnessed at one’s leisure. The adult parasite * are 
not only carried about and continually licked and fondled, but are also fed 

1 Vol I, 1883-1900, pp. 104. 105, pi v, fig. 20, pi. vl, fig. 18. 

2 Classification of the Chalcid Flies or the superfaniUy Chalcidoidea. Mem. Carnegie 
MuHeiim, No. 4, 1904, pp. ix,»22.5-551, pll. xxxi-xxxlx. 
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by regurgitation as if they were workers. They usually submit to these 
effusive attentions passively, but at times they may be seen to struggle and 
disengage themselves from the embraces of their hosts. When fully mature 
both sexes of the Orasema become highly phototropic and endeavor to escape 
from the dark nest to the open air and sunshine. The ants, however, 
redouble their attentions and carry them back to the dark chambers. Al¬ 
though usually aided by the workers in hatching from their pupje, the 
Orasemw themselves often remove the pupal cnvelop(‘S from their antennae by 
rubbing them with their fore legs, and, though fed by the ants, they some¬ 
times visit and partake of the sugar in artificial nests. They spend much 
of their time in lying on their sides among the ant lan ae and pupa\ While 
the workers thus appear to be infatuated with their beautifully sculptured 
and brilliantly colored parasites, the latter are not sufficiently hypocritical 
to feign any interest in their hosts, '^rhey are, in fact, interested only in 
the ant brood and, as T shall show, only in a certain j)ortion of the brood. 

As several successive broods of Orasema pupte appeared and hatched in 
my artificial nests, 1 was sure that the larval stages must also b(' present. 
These stages, it would seem, should be n^adily detc'cted, but for a long time 
I was completely misled in my search for them, and ev(Mi after I had found 
them, I was deceived by their appearance. This arose ])artly through cer¬ 
tain prepossessions based on analogy with what I had read about otluT Chal- 
eidids, and partly through the confusion produc*ed by the high de^gree of 
polymorphism in the Pheidole. As nearly all Chalcidid larva* are internal 
parasites in other larvie, I was under the iinprt'ssion that tlu* Orasema^ also 
start their life cycle within the larva? of their hosts, and certain peculiariti(‘s 
in the Orasema larvje merely tended to sti*engthen this ])n‘poss(^ssion. Tin* 
great number of larval and pupal forms of the ant added to my confusion, 
especially as some of their larva* differed in shape according to their feeding. 
Thus for a time I regarded c(*rtain small, spherical, sexual larva*, fed with 
regurgitated liquids, as the young larvie of Orasema. It was not till after 1 
had left Texas and had notliing but })r(*served and stained mat(*rial at rny 
disposal that 1 succeeded in gaining a clear idea of the early larval stages of 
the parasite. 

I have not seen the eggs of O. viridis after ovij)osition, but only the very 
young larviF. Dissection of the female shows that, as we should ex})ect in a 
})arasite, the eggs are extremely numerous and minute. Hie mother insect, 
when she comes to oviposit, exereises a very careful selection among the ant 
brood. In the first jilace she has nothing to do with the uistahilis larva? but 
directs her attention to the ])uj)a*. In the second place she selects, as a rule, 
only the piqia* of the soldiers, males, and females. The small worker jiupa? 
would not furnish sufficient food for her larvfe. In the third place she selects 
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only pupae at the very critical moment when they have just been stripped of 
their larval skin by the workers and are, therefore, little more than seraipupae, 
for obviously at this moment the cuticle is thinner and will be more easily 
pierced by the young Orasema larva than during the preceding or succeeding 
stages. And in the fourth place, she does not lay her eggs at random any¬ 
where on the body of the semipupa but carefully selects one of four regions 
near the head. Usually she places the egg on the sternal surface just 
beneath the still very short, incurving legs of the semipupa but occasionally 
it is placed on the back of the neck between the head and the prothoracic 
segment, or on the right or left side of the neck beneath the corresponding 
prothorac*ic leg. These regions would seem to be singularly appropriate, 
both because the cuticle of the semipupa is extremely thin and readily 
punctured by the parasitic larva at these points, and also because the egg or 
resulting larva, especially when it is covered with the overlapping appendages 
of the semipupa, is not so readily brushed or lic'ked off by the instahilis 
workers. I believe that the danger of detaching the egg is very great and 
this, together with the other spe<!ial requirements above enumerated, may 
account for the fact that comparatively few of the great number of Orasema 
eggs ever complete their development. 

Further reflection shows still greater appropriateness in the time and 
place selected for oviposition by the mother Orasema. In the sexual semi¬ 
pupae of instahilis^ and especially in those of the soldiers, the small an¬ 
terior end of the body is destined to grow very rapidly and to undergo 
extraordinary changes in structure. For this purpose carefully elaborated 
liquid substances of a very high nutritive value are suddenly propelled into 
the anterior portion of the body of the seinipupa, which therefore appears 
tense, clear, and transparent in this region, while the abdominal region is 
full of opaque, nonmetabolized fat cells. The parasitic larva is thus sit¬ 
uated from the first at a point where it has ready access to a rich food 
supply and is able to grow with surprising rapidity. 

Hie instinct that leads the mother Orasema to oviposit with such pre¬ 
cision is not, however, infallible. As the number of soldier and sexual 
pupae in an instahilis coloii^^ is always very limited compan'd with the nuin- 
lier of worker pupa% the Orasema, impelled, apparently, by the need of get¬ 
ting rid of her eggs, sometimes oviposits on the latter, although even in such 
cases also, she chooses the cervical and sternal region. The interesting 
consequences of this instinct aberration will be considered in a later para¬ 
graph. 

Several of the youngest Orasema larvae seen are represented in Plate 11, 
Figs. 30-35. They are extremely small — less than .1 mm. in length — 
and of a dark brown color. The head is distinct and furnished with short, 
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acute mandibles; the body consists of a number of sharply marked segments^ 
of which the anterior are longer and broader, the posterior smaller and often 
telescoped into one another so that it is difficult to ascertain their exact 
number. There are probably three thoracic and ten abdominal segments. 
The terminal segment bears a pair of hair-like cerci. Were it not for the 
absence of legs, these larvte might be regarded as campodeiform and likened 
to the youngest stages of such parasites as the Stylopida; and Meloidee. 
Several of my preparations show these larva? attached to the necks of worker 
semipupse or pupa;, as represented in Plate II, Fig. 13. Twice I have seen 
a pair of the^e larvte attached symmetrically on the sides of the same pupa. 
In other cases they were found on the nuchal or sternal surfaces. 

So different are these minute, sharply segmented and dark brown larvfe 
from those of other Chalcidid larvae, of which 1 have seen descriptions or 
figures, that I should never have regarded them as belonging to the life- 
cycle of O. inridis, had I not seen stages like those repn^sented in Plate II, 
Figs. 14 and 15. ^Phese figures represent semipupie of instabilis soldiers 
with undoubted Orasema- larvte .3 mm. in h'ngth attached, in the one case 
to the sternal surface between the pro- and mesothoracic segments, in the 
other to the nuchal surface. In Plate 11, Fig. 14, the larva has its long axis 
at right angles to that of its host; in Fig. 15 the parasite and host are simi¬ 
larly oriented. The dark brown segments of the younger larva are repn;- 
sented in both cases by dark bands on a yellowish white background. The 
cerci have disappeared. "J'he larvte have plunged their mandibles into 
their host and have begun to absorb its juices, and this has led to a se])ara- 
tion of the more heavily chitinized sclerites and great expansion of the 
intervening membranes. 

Succeeding stages in the growth of these larva? are shown in Plate II, 
Figs. 16, 17 and Plate V, Fig. 66. All of these represent female vsemipupa& 
of instahilis, and in each the Orasenm larv a, which is attadied as in Fig. 14, 
has attained a length of .7-.9 mm. In Plate II, Fig. 17, which is drawn 
from a stained and mounted specimen, the parasite is somewhat shrunken 
through d(4iydratiori and clearing, but in Fig. 16, from an alcoholic speci¬ 
men, th(; skin of the larva is smooth and tense. The fact that all traces of 
the dark bands have disappeared is probably due to the intervention of an 
eedysis between this stage and the one represented in Figs. 14 and 15. It 
was stages like Figs. 16 and 17, which were first seen in my artificial nests 
and led me to an erroneous interpretation. The parasite in this stage was 
yellowish and semitransparent, while the semipupa to which it was attached 
was opaque, waxy white and more or less shriveled. The larva, moreover, 
seemed to make its appearance very suddenly, and this, coupled with the fact 
that the ants kept licking it till its surface glistened with saliva, led me to 
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suppose that it had reached its full growth within the ant-larva and was just 
breaking through the integument on the nuchal or sternal side. I saw the 
workers, which evinced the greatest interest in this phenomenon, pull the 
larva away from the semipupa and throw aside the latter, now reduced to a 
sickly mass, though still retaining enough of the contents of the abdomen 
and of its original form to be recognizable as a pupa, notwithstanding the 
fact that the head, as shown in Fig. 16, was much smaller than in the cor¬ 
responding stages of the non parasitized soldiers and females. 

Shutting my eyes to the correct interpretation of the above stages as 
indicating that the larva was ecto- instead of entoparasitic, I stained and 
mounted in tato whole series of soldier and female larvae and young pupae 
in the hope of finding the Orasema larvae prior to their eruption. This 
search proved, of course, to be futile, and I w^as baffled until I accidentally 
found the crucial stages represented in Plate II, Figs. 13 to 15. 

The growth of the parasite, after it has plunged its mouthparts into the 
integument of its host, must be extremely rapid. I doubt wdiether the 
stages above described reejuire more than a couple of days for their com¬ 
pletion. Such rapid growth, how^ever, is not surprising wJieii we consider 
the accessibility and high nutritive value of the food on which the larva sub¬ 
sists. 

As soon as the full-grown Orasema lar\a has be(m separated from its 
prey, it begins to pupate. Occasionally the ants are either unable or neg¬ 
lect to detach the parasite. In such cases, two of which are shown in Plate 
II, Figs. 18 and 19, the larva begins to pupate in sitn. It undergoes an eedy- 
sis in w hich it is undoubtedly assisted by the workers, and then appears as 
a short, thick-set sennf)upa, slightly constricted just in front of the middle 
of its body. Another eedysis seems to follow almost at once, leaving the 
semipupa coverc'd with a peculiar envelope studded with large blisters, or 
pustules. Tliese are arranged segmeritally in regular rows along ea(‘h side 
of the body but ar(‘ absent in the middorsal and midventral regions. I am 
unable to assign any function to these singular organs, which in O. virkhs 
disappear with the semipupa stage. On focussing through the pustulate 
envelope the semipupa is scpn to present the appearance of Fig. 20 (PI. II). 
The imaginal head, with its large eyes and antenna?, is embedded in a hood- 
like prothoracie mass; the legs and wings are clearly indicated. A litth? 
later the pustulate envelope is shed and the complete, pure wiiite pupa of 
the Orasema is seen enclosed in a thick membrane (PI. II, Fig. 22) which, 
in the interscgmental regions of the abdomen, is thrown into prominent 
transverse welts. The color, which now gradually deepens, becoming 
first blackish and then metallic green, is dimmed by the rather opaque, 
white pupal envelope (PI. II, Fig. 23). Soon after this stage is reached, the 
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insect hatches. The changes from the stage represented in Fig. 21 to that 
of Fig. 23 can hardly require more than three or four days. If this and my 
estimate concerning the rate of development in the earlier stages is correct, 
we must suppose that 0. viridis completes its entire life-cycle, from the egg 
to the imago, in less than a week or ten days. Similarly rapid developments 
are known to occur in other Chalcidids, as I infer from the following 
statements in an interesting paper published some years ago by Howard ^ : 
^‘Ratzeburg has shown that in Europe Pteromalus puparum occupied on one 
occasion from June II to July 14 to undergo its entire transformation from 
egg to adult — thirty-seven days; but in this country Webster has recorded 
an instance (Insect Life, I, 225) in wiiich the eggs of the same parasite were 
laid August 9, the adult insect developing August 27 — seventeen days later. 
Hubbard has noted (Fourth Report U. S. Knt. Com., p. 103) that the egg 
of Aletia xylina gives forth the adults of Trichoyrainrna prefiosa on the 
seventh day after it was stung by its parents. Kupkctrus romsfockii has 
been shown by Schwarz to develop from egg to adult in Alabama in mid¬ 
summer in seven days.’' 

There can be little doubt that in a state of na^^ure the male and female 
Orasemoe leave the nest very soon after hatching and mate in the open fields. 
This is indicated by their strong positive phototropism. The fertilized 
females then seek out fresh Pheidole nests in which to lay their (‘ggs. In 
•one of my artifi<‘ial nests, however, which was k(‘pt from June 19 to Sej)tem- 
ber 20, three successive broods of Orasema were noted, the last disappearing 
about a week before the latter date. In this (*as(% unless the offspring arose 
from parthenogenctic eggs, the males and females must have mated in the 
nest. Both in this and other cases it was found that the adult Orascmw, 
after they had remained in the nest for several days, were killed and dis¬ 
membered by the workers, as though the ])arasites had at last been recog¬ 
nized as pixidatory aliens. This slaughter, however, may have been due 
to other causes, since th<' workers also killed and dismembered their own 
females and ultimately reared only workers and intermediates, probably 
because these required less nourishment. Such conditions point to a 
deterioration of the colony and are frequently observed in artificial nests 
inadequately furnished with food. Similar behavior on the part of workers 
may be seen in other species of ants when the food supply becomes insuffi¬ 
cient or is no longer palatable. Under these circumstances I have seen 
Camporiotus frrrngineus ^^■orkers kill and dismember their soldiers and 
Myrrnica brevlnodis workers do away with their males. 

Before «*oncluding this account of the relations of O. viridis to Ph. 

1 The Biology ol the Hyincnopterous Insects o! the Funiih (nuilculifhe. Pioe<*e(l IJ S 
Nat. Mus , XIV, 1802. pp 5r)7-r,8S. ' 
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instabilis, it will be necessary to return to the worker semipupee on which 
the Oraserna occasionally deposits her eggs. In such cases the young 
larvte of the parasite must be very inadequately fed and probably soon die 
and fall off, leaving their hosts in a depleted condition but still able to pass 
on to the pu})al stage. Now in all the nests infested with Orasemn, and 
only in these, I have found a number of peculiar pupa? like those re{)rescnted 
in Plate II, Figs. 24-26 and Plate V, Fig. 65 s, and differing from the normal 
worker pupa* (Fig. 27) in several important characters. They are smaller, 
of a waxy white color, with more decided intersegmental constrictions and 
are broad behind and very narrow anteriorly. The head is remarkable for 
the very small size of the brain and eyes and the situation of the latter on 
distinct stalks. T'he mandibles, too, are abortive. The resemblance of the 
head to depleted female pupa*, like the one represented in Fig. 16, is very 
striking. The thorax is extremely slender and the gaster has a high fold on 
ea<4i side, and in balsam pre})arations (PI. JI, Fig. 26 and PI. V, Fig. 67 i) 
is seen to c*ontain a number of large urate masses in the corpus adtposum. 
In many specimens th(‘ gaster is concave ventrally, with its tip turned 
upward and forward. Although these singular j)upie are carefully cleaned 
by the workers and kept with the normal individuals, they never succeed in 
hatching. After lying in the chambers for many days without even acquir¬ 
ing a deeper color of the body or pigment in the eyes, they are either carried 
to the refuse heap or eaten by the workers. I am convinced that these 
extraordinary j)up[e, which may be called phfhiscrgafcs, have arisen from 
worker semij)Uf)ae that have had part of their juices sucked out by Orasema 
larvte, so that only enough formative material was left to produce pupee with 
very deh'ctive head and thorax and hence (|uite unable to develop as far as 
the imaginal instar. It is interesting to note that these microcephalic, 
microphthalmic, and stenonotal characters rt'present merely greater diminu¬ 
tion of the similar characters of the normal workers as compared w4th the 
more macrocephalic, macro})hthalinic, and eurvnotal soldiers and feraah's. 
The theoretical bearings of these conditions will be considered in the latter 
])art of this article. '^Fhe (lej)leted semipupje of the iiLstabllis females and 
males, w^hich like the phthisergates are incapable of further development, 
may be called phihisogyncs and phihisaners ms})ectively. 

In this connection the question naturally suggests itself: are the inter¬ 
mediates betwwn the instabills workers and the soldiers due to similar 
depletion in their semipu])al stages ? In other words, do the intermediates 
arise from soldier semipupae that have been ])artially exhausted by Orasema 
larvae prematurely torn from their hosts by the w orkers ? I am inclined to 
answer this question in the negative, for reasons to be given in the sequel. 

After finding O. viridis so common in the nests of Ph. instahilis I was 
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naturally led to look for it in the company of other Texan species of Pheidok, 
This search soon revealed the fact that the parasite can make its home also- 
with other ants of this enormous genus. June 16, I found a single female 
viridis in a flourishing colony of Ph. dentufa Mayr at Alice, Texas, which is 
only about ten miles east of San Diego where the types of the parasite were 
originally captured by Schwartz. Ph. deniata, it should be noted, is a 
carnivorous species with sharply separated soldier and worker castes, as 
represented in Plate III, Figs. 37 and 3S. June 21, I again found at New 
Braunfels, Texas, a colony of this same Pheidnle containing a few female 
pupfe of O. viridis. In this colony, which was kept for some weeks in an 
artificial nest, four phthisergates made their appearance' One of these is 
represented in Plate JI, Fig. 28. '^Phey differed considerably in form from 
the instahilis phthisergates and had slightly ])igmented eyes. '^Phese 
organs, however, as well as the head and thorax were notably reduced 
as compared with those of the normal worker |)Upa, which is essentially 
like that of instahilis (PI. Ill, Fig. 27). 

A little later in the month (June 24), 1 came upon a colony of a hitherto 
undescribed Pheidolc (P/i. sriophila sp. nov.), containing a number of 
imagines and pupte of (). viridis. This ant, like Ph. dentata, Inis no forms 
intermediate b(‘tween the soldiers and workers. It is a rare species, nesting 
under stone\s in rather dain[), shady places in th(‘ vicinity of Austin. These 
observations prove that 0. viridis is not confined to a single host ant but has 
international relations with a number of species of the gtMiiis Phridofc in 
central and southern 'Pexas. It may be t'xpecteii to ()(*cur also in the nests 
of Ph. crassirornis, Ph. hyatti, Ph. marrisi^ etc. Still another observation 
goes to show that the parasite is not confined to Texas, but is also probably 
widely distributed through Mexico. In my collection there is a female 
specimen of O. viridis taken August 4 at Tuxpan, in the state of Jalisco, 
by Mr. J. F. McClendon. As this specimen was found in a bottle containing 
a mixed lot of ants comprising three species of Pheidolc, besides soim^ 
species of other genera, I am unable to refer it to a j)articular host. 

B. Orasema coloradensis Ashmead. 

During August, 1903, while collecting ants in Colorado, I came in)on a 
second species of Orasema, which Dr. Ashmead has identified for me as O. 
coloradensis, in the nests of two very diffei’ent species of ants. One of these 
is a larger and usually darker form of a small Solenopsis, which I take to be 
8. moksta vahdinscula Emery, the other Pheidok vinelandica Forel. 

0. coloradensis (PI. I, Fig. 12 and PL V, Fig. 68 m) is of about the same 
size as 0. viridis, but is readily distinguished by its longer, lower, and 
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smoother thorax, and less prominent seutellum and epinotum. In colora¬ 
tion it is like the Texan species, except that the thorax is less golden above 
and the mesopleura* are more shining. In the male the petiole is shorter 
and the tibi® are more or less infuscated. The mature pupae of the two 
species are very readily distinguished by the character of the last pupal 
envelope. In cohradensiJt (PI. IV, Figs. 53 and 54) this is pustulate like 
the semipupal envelope of viridis, the pustules appearing on the abdomen 
as dilatations in the transverse intersegmental welts above described for 
viridis. Then, too, the pupal skin of the Colorado species has a scries of 
large pustules extending along the middorsal line of the epinotum and 
abdomtMi and about the front of the j)ronotiim where they are completely 
absent in viridis. 

O. coloradrnsis was first noticed August 3, in a colony of S. validiuscula 
(PI. V, Fig. 68) at Manitou. The ants with their brood were confined in a 
bottle for the ])urpose of rearing some of their numerous male and female 
pupsp. 4'he tiny workers were seen to spend mu(*h time shampooing an 
adult female Orasema. Later other females and a few males hatched in the 
nest and were cared for by the ants like members of their own species. In 
the course of a few days two of the Ora.vcrw/e were found dead on the refuse 
heap, one having been decapitated and shorn of its legs and wings. This 
led me to wonder whether the Soleiwpsis workers which are themselves 
parasitic and feed on the larvte and pupa* of other much larger ants of the 
genera Formica, Myrmica, CrernaMoyasfer, etc., are quicker than the species 
of Phridole to recognize the Orasema' as aliens after they have be(*n reared. 
August 11, while collecting n<;ar I3roadm(K)r, south of (Colorado Springs, I 
found two more infested Solenopsis colonies. 3^his Solnwpsis was paler 
than the form taken at Manitou, and in this resj)ect approached the t}qDical 
molesta.. In one of these colonies I counted twenty pupa and adult OrasemcB. 
At the same time I noticed that there were very few male and female pupa 
of the ant. llie other colony, which contained nearly as many of the para¬ 
sites, was living in cleptobiosis with a large colony of Formica cUiata Mayr. 
As S. molesta has only one form of worker, and this of minute size compared 
with the males and females and since, moreover, the males and females of 
0. cohradensis are of about the same size as the corresponding sexes of the 
ant, I infer that the larvte of the parasite must feed exclusively on the sexual 
forms, while the tiny workers enjoy complete immunity from their attacks. 

In the same locality in which I saw the Solenopsis nests above described, 
and on the same day, I found two colonies of Pheidole vinclandica contain¬ 
ing the same species of Orasema. One of these colonies was taken alive and 
placed in a Fielde nest. A careful examination of the worker brood revealed 
the presence of a single phthisergate with somewhat pigmented eyes and 
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very similar in shape to those of Ph. dentata above described. This phthiser- 
gate had neither hatched nor changed its appearance by August 29 —15 
days later. It eventually disappeared (eaten by the workers?). The 
colony was kept for several weeks but as no second brood of Orasema 
appeared, it was abandoned. August 20 1 found near Beaver Ranch, south¬ 
east of Colorado Springs, a third infested vinelandica colony. This two was 
kept in an artificial nest, but the observations revealed nothing that has not 
been recorded for Ph, instabilis and O. Ac*cording to Forel, Ph. 

vinelandica occasionally produces int(‘nnediates between the typical solditTs 
and workers, but although I have collected many colonit's of this ant in 
different parts of the United States, 1 have seen only the typical soldit'rs 
and workers. 

The foregoing observations pn)vc that O. coloradrmis, like O. vlridis, 
does not confine its depredations to a single host ant. It may be said to b(‘ 
even more catholic in its habits, since it not only infests a species of Phrldolr 
but also attacks ants belonging to the very diff(‘rcnt genus So/niopsis. l^he 
number of colonies observed was not suffici<‘nt to show which of tluvsc genera 
represents the original and more frequent host, but, judging from analogy 
with 0, viridijf and the ru^xt species to be considered, tht*rc can be litth^ 
doubt that this is Ph. vimdandica. 0. cohradmsis probably o(‘curs also in 
the nests of Ph. pilifrra var. coloradensi.^ and Ph. ceres, both common ants 
in the neighborhood of Colorado Springs and other localities of about the 
same altitude. 


C. Orasema whecUri Ashmead, 

A third sj)ecies of Orasema, which l)r. Ashmead wnll dt\scribc as O. 
v)heeleri, was found July 14, 1902, on Keesy's Ranch at Fort Davis, J^ixas, 
in the nest of Pheidole ceres Wheeler. This ant is a small, dark color(‘d 
species which makes obscure nests in (he shade of the cotton-woods (Pop- 
ulus JremontI) and garners the woolly seeds of these trees. The Oiu- 
sema was seen in only one of the nests, and though about a dozen pnpie 
were found among the ant brood, only a single mature specimen, wliuJi 
happened to be a female, could be secured. It measures 2.7 ruin, and 
closely resembles 0. .viridls, especially in the shape of the scutellum and 
epinotum, but the thorax is broader and stouter. The last pupal envelope, 
like that of viridls, is without pustules, though it has strong ilitcrsegmcntal 
welts in the abdominal region. 

1 have examined many colonies of Ph. ceres near Fon Davis and in 
various Colorado localities without finding any intermediates between the 
soldiers and workers. In the single colony infested with 0. wheeleri, how- 
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ever, there were several of these annectant forms. As this could hardly be 
a mere coincidence, we must assume that there is some connection between 
the existence of intermediates and the presence of the parasites. 

D, Other Chulcidid Ant-Parasites, 

From the observations recorded in the above paragraphs we may safely 
conclude that the remaining Orasrma species, of which quite a number have 
been described by Cameron, Howard, and Ashmead, are parasitic on ants 
and have life-cycles analogous to that of O. viridis. Still other genera, 
how(iver, of the enormous family Chalcididce, contain ant-j)arasites and 
these, though very imperfectly known, may be passed in review before I 
proceed with an account of a very diflerent type of parasitism. For the 
sake of convenience we may distinguish three groups of cases, first the ant- 
parasites of the sub-family Euchariiifle exclusive of Ornsema, second those 
belonging to other subfamilies, and third, the cases too imperfectly known 
to be referred to any particular genera. 

Among students of the Chalcidid® the opinion seems to have been gaining 
ground that the Eucharirue, \shi(‘h according to Ashmead’s recent synopsis 
(1. c. pp. 2(3()-270) comprise some 25 genera, are largely, if not exclusively 
arit-f)arasites. Ashmead says that in this group ‘‘are found some of the 
most singular looking and wonderfully shaped Chalcids known, the struc¬ 
ture of th(' thorax, and particularly of the scutellum, !)eing most wonderfully 
and curiously motlified and dcvelo[)ed; and this development, in connec¬ 
tion with the brilliant metallic gr(‘en and blue colors of its members, makes 
the grou]) the most striking and attrac-tive of any in the subfamily. Some 
of the species are now known to be parasitic upon ants and probably the 
whole grou]) attacks thcs(‘ insects. In temperate regions the family is poorly 
represent<‘d, but in tropical countries, where ants most abound and flourish 
in enormous cokniies, th(*se insects are not rare and seem to have reached a 
very highly specialized devel()])ment.’’ "J^his extraordinary specialization, 
which at once reminds us of that obtaining in other highly inyrmecophilous 
and tcrmitophilous groups, like the Paussidie among beetles and the Termi- 
toxenii(he among Diptera, etc., is clearly shown in the figures of some of the 
more striking Eucharine gtmera reproduced in this article (PI. IV, Figs. 50- 
62). 

The first to describe a Eucharine parasite on ants was Forel.^ On 
opening the huge cocoons of oik' of the Airstralian bull-dog ants {Myrmecia 
forficata) he found several metallic green and coppery pup® about a cm. 
long, which a year later were desc’ribed and figured by CameroiP as those 

1 Un parasite de la Mvrinocia forfirata Fa])r. Extr. C. R. Soc. Ent. Belgr., T Fev. 1890, 3 pp. 

2 Hymenopterological Notes. Mem. Lit. Phil. Soc. Manchcister (4), IV, 1891, pp. 182-194,„ 

1 pi. 
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of Eucharis myrmecice. These pupfie, according to Forel, were “couvertes 
d' asp^rit^s et de boursouffiures/* probably analogous to the pustules above 
described for the pupa of Orasetna. He concluded that the Evofiaris 
attacks the Myrrmxia larvae, but after what I have said of Orasevia it is 
more probable that the Chalcidid attacks the seinipupa or pupa of the ant 
after the cocoon is spun and encloses both host and parasite. 

In the same pa{)er in which the Eucharis is described, Cameron de¬ 
scribes a member of another genus, Clvalmira bedell, which was taken in 
nests of the Algerian Myrnwcocystus viaticus. 

Wasmann in his ‘ Verzeichniss^, published in 1894,' cites as the only 
Chalcidids known to occur with ants the two preceding sp(*cies described by 
Cameron and a Chakura sp. which was ‘‘bred from cocoons of Formica 
rufa at Prag (Polak).*' 

Another Chalcidid belonging to the subfamily Eucharime and closely 
related to the preceding, was a(*cidentally detected in some alcoholic material 
of Camponofus llgniperdus var. vovcrboraccnsis Fitch, collected August 12, 
1904, on a bare slope of the Porcupine ^Mountains in northern ]\Iichigan by 
Mr. Otto MeOeary and sent me for identification by Dr. Charles C. Adams. 
Two of the worker cocoons, measuring mspectivcly 0.5 and .7 mm., were 
found to contain pupal parasites, which Dr. Ashmead has identified for me 
as Pscudochalcura gibbosa Provan(*her. In one of the cocoons, rej)resented 
in Plate II, Fig. 29, there were two pigmented and therefore nearly mature 
pupte, lying face to face near the anterior pole, while the remains of the ant 
pupa, which they had consumed, were crowded against the black meconial 
spot at the jmsterior pole. '^Flie other cocoon contained four unpigrnented 
pupae. It would seem that the Chalcidid larva must attach itself to the 
Camponotus larva and wait till it has spun its cocoon, before devouring the 
host. As the ant is an unusually large .sj)ecies compared with the parasite, 
several of the latter can obtain sufficient nourishment even from a single 
worker and need not, like Orasema, attack the still larger intermediate, 
soldier, and female brood. 

I have received with some miscellaneous ants {Formica fusca var. iieoruji- 
barbis, Myrmica brevinodis, etc.) collected by Mr. H. Viereck, on the summit 
(11,000 ft.) of the Las Vegas Range, New Mexico, a single male specimen 
of a Eucharis (PI. IV, Fig. 62), which is in all probability an ant parasite, 
although I am unable to refer it to its precise host. 

In the discussion following a paper read several years ago by Ashmead 
before the Entomological Society of Washington,^ Howard called attention 


Kritisdies Verzei(hnis.s der Myrmekophilen und Termitophileii Arthropoden. Berlin, 

2 Notes on the Eucharids found in the United States. Proc. Ent. Soc. Wash , II, 1890-92. 
pp. 364-368. 
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to the fact ‘Hhat in the collection of St. Vincent Chalcids sent to Professor 
Riley from Cambridge University there is a specimen of Kapala jurcata 
Fabr. which bears in its jaws a medium sized red ant.’’ Events have shown 
that Howard was probably correct in supposing this peculiar Chalcidid to 
be an ant parasite. Dr. O. F. (-ook informs me that he has bred a speci¬ 
men of an allied genus, Isomeralia coronata Westwood (PI. IV, Figs. 58 and 
59), from a cocoon of the Guatemalan kcl<‘p {EclaUmma iuhrrculatum Oliv.), 
and Dr. Ashmead tells me that in his o})iuion Kapala florldana (PI. IV, Figs. 
56 and 57) is probably parasitic on the Florida harvester i^Pogonomyrvicx ha- 
dius Latr). He also assures me that the type of Pscmlomeiagia schwarzi 
was taken in an ant-nest near Washington, 1). (.\ 

To the foregoing observations on Euchariiue J am a})leto add some notes 
on a parasite belonging to another subfamily of Chalcidi(he. As stated on 
p. 2, 1 faiUnl to find Orasema in nests of Pheidolr Insiabilis ex(‘ept during 
the sumincr and late spring months. At other seasons I often took a species 
of the subfamily Asaphinae, namelv, Pheidoloxcnus wJirrlrri Ashmead (PI. 
Ill, Fig. dO), an exquisite little Chalcidid which runs about in the dense 
throng of Phrldole workers like one of their number. It is not easily dc^tected, 
as it resembles the workers in its small size (1 ram.) and in being subapterous 
or })ractically wingless. Its head is very wide, with a concave occiput and 
9-jointed aiiteniife inserted near the oral border. Th(‘se appendages are 
very robust, and have a club-sliaped funiculus terminating in a broad flat 
joint. Tlie cpinotum is very short, the wings are represented only by the 
teguhe iind minute vestiges of the alar membranes. The surface of the 
body is smooth and shining. 'Vhn head is deep metallic blue, with green 
cheeks and yellow mandibles; the antenme are yellow at the base, with the 
large apical and adjacent transverse joints black. The thorax is green with 
golden reflections, the epinotiuii more blue green, the teguhe violet. ^J^'he 
abdomen is metallic green with a broad violet band across the posterior j)or- 
tion of each of the basal sf^ginents. The legs are fuscous, with yellow^ knees, 
tarsi and trochanters. 

I have not been able to learn anything concerning the development of this 
insect. According to Ashrneafl the vast majority of Asa]>hinai are parasites 
^‘upon plant lice, Aphididte, and upon the bark lice, Coccidte,’' but this can¬ 
not he the case with Pheidoloxenus since this insect is a regular myrmecophile, 
and Ph, mstahiUs does not, like our northern species of Lasius, cultivate 
aphids and coccids in its nests. During the autumn and winter months 
I have occasionally seen the imtabilis w^orkers carrying small pink larvae 
about in the chambers. These were (lertainly not a portion of the ant brood, 
but whether they were the larvae of Pheidoloxenus or not, 1 have been unable 
to determine. On one or two occasions I have seen as many as six or eight 
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of the little Chalcidids in a single nest. A careful search will probably show 
that they are even more abundant. 

In the literature I find the following scattered references to Chalcidid 
ant-parasites: 

Fritz Muller, according to Sharp,’ mentions a South American Chalcidid 
which attacks the larvae of Azteva instabilis in its nests in the Cecropia trees. 
When the parasite pupates it suspends itself, by its posterior end, from the 
walls of the chambers like a butterfly chrysalis. 

Wasmann^ cites an observation of Brauns who found a Chalcidid in one 
of the nests of a South African subspecies of Pheidole ruegacephala. When 
the nests were disturbed the workers were seen to carry the parasites, which 
probably devour the brood, to a place of safety. 

A larva found by lliipertsberger atta(‘hed to a large Myrmica larva, and 
mentioned by Wasmaim in his ‘ Verzeichniss ’ (/. c., }>. J69) as possibly an 
Ichneumonid, was probably a Chalcidid. 

Perhaps no single group of parasitic insects has greater surprises in ^store 
for the future investigator of habits and development than the Chalcidida'. 
This is indicated not only by the fragmentary niatt*rials collated in the pre¬ 
ceding paragraphs, but more especially by the splendid researches of Bugnon,* 
MarchaV and Silvestri,^ on the extraordinary polyeinbryonv of tlie Enevr- 
tinse. These and future researches in the same direction may be* expeett'd to 
bring about many radical changes in the present taxonomy of the enormous 
family Chalcidida*. 

2. The Parasitism of ]\1ermis in Ants. 

Five years ago (June 3, 1901), I found at New Braunfels, Texas, on a 
shady hill that slopes to the lovely sources of the Comal River, two medium¬ 
sized colonies of Pheidole dentata var. conimufaia Mayr. They were under 
stones about sixty feet apart. One contained ants of the typical dark variety 
of the species, while both the soldiers and workers ofdhe other colony were 
decidedly paler. On lifting the stones ray attention was arrested by several 
very large and conspicuous individuals with huge gasters, moving about 
among the workers and soldiers of normal dimensions. Unfortunately I 
failed to preserve any living specimens at that time but collected instead a 


1 Cambridge Natural History. Insects. Vol. I, isa^, p 550 

2 x)u» Psychischen Fahigkeiten der Ameisen. Zoologica, Heft 26, 1899, pp. 1-132, Taf. 

8 Recherclies sur le H^veloppenient postembryonnalre, ranatomie et les irueurs de TEncyrtus 
fuscicollis. Reeueil Zool. Huissc, V, 1891, pp. 435-534, pi xx-xxv. 

* Recherclies sur la Biologic et le l)6veloppemenl des Hymfinoptftres Parasites. I, La 
Polyembryotue Sp6cifi(pie ou Clcrrmnogonie. Arch. Zool. Exp€r. (4), II, 1904, pp. 257-335, 
pi. ix-xiii. 

«Svilui>i )0 dell’ Agemaspis fuscicollis (Dalm.) Thoms. Hendic. H. Accad. Lincei, XV, 1906 
pp. 650-657. 
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number of specimens in alcohol. These were described in a paper pub¬ 
lished during the autumn of 1901.^ In this paper the huge workers were 
called rnacToergates, but for reasons presently to be given they may be more 
aptly designated as mermithergates. 

Plate III, Figs. 37-40 represent, drawn to the same scale, the dorsal 
view of the soldier and worker, whic*h in Ph. rommutata are not connected 
by intermediates, and the dorsal and lateral views of a large inerrnithergate. 
The length of normal workers does not exceed 3 mm. Many of them are 
scarcely more than 2.5-2.8 mm., which was the length of Mayr’s type speci¬ 
mens from Florida. The largest mermithergates, however, measured fully 
5 mm., while the smaller ones varied from 4 to 4.5 mm. Thus the volumes 
of the normal workers and the extreme mermithergates, had they been of 
the sanu' shape, would be in the ratio of 27 to 225, but the gasters of the 
latter were so enormously distendt'd that the ratio must have been 27 to at 
least 300. In other words, the large mermithergates were some twelve 
times as large' as the normal workers. They were even larger than the sol- 
iliers, which iiH'asure about 4 mm., though in this case, owing to the great 
size of th(' head in tlu' latter caste, the differeiu'e is less conspicuous. The' 
largest mermitiiergatt's eliffer freim both soleliers and workers in usually 
possessing three* ex'elli, of which the anterior is the largest, and resemble the 
soleliers in the structure of the thorax (PI. Ill, Fig. 39). 

Examination of e)ne e)f these extraordinary inelividuals, even with a good 
pocket le'ns, reveals the cause of the great enlargement of the gaster. 
Thre)ugh its elistendt'd intersegmental membranes the ce)ils of a parasitic 
worm may be elistinctly seen. JNIy friend Professor T. H. Montgomery, to 
whom 1 s(‘nt a few of the mermithergates, writes me that the parasite is a 
species of Mermis. Its exact location among the ant’s viscera, i. (*., whether 
it occupies the lumen of the enormously distended ingluvies, or lies in the 
body cavity outside of the alimentary tract, is not easily determined. From 
careful dissection of a single larg(' specimen (the one represented in PI. 11, 
Fig. 39) I concluded that the Mermi^ lies within the ingluvies, or crop. In 
this specimen th(' head of the parasite extended forward through the post- 
petiolar and into the petiolar segment, and thus occupied the attenuated 
neck of the crop and the nu)st favorable ]>osition for securing the ingurgitated 
food of its host, '^riit' fat-body and reproductive organs seemed to have dis¬ 
appeared completely and the walls of the enormously distended crop were 
practically in contact wuth the walls of the gaster. The large mermithergate 
shown in Figs. 39 and 40 contained only a single closely convoluted Mcr- 
mis, which was fully 50 mm. long, or ten times the length of the ant. One 

* The Parasitic Origin ot Mam^ergates among Ants. Amer. Naturalist, XXXV, Nov. 1901, 
pp. 877-866, 1 tig. 
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individual, dissected by Professor Montgomery, contained two somewhat 
smaller parasites, together with many of their eggs. 1 have seen speci¬ 
mens containing as many as six and eight })arasitcs. The specimens 
dissected by Professor Montgomery were “either fully mature or in what 
von Linstow^ calls the second larval stage, which is, however, really the 
immature stage.” 

While it is certainly somewhat singular that a species of Mrrmis should 
occur in ants, even greater interest attaches to the cases under discussion, on 
account of the manifest effects of the parasite on its host. The fact that all 
the merinithergates are of huge size as coin])ar('(l with th(‘ normal workcTs 
is remarkable, for, on first thought, one would c(‘rtainly expect an animal 
infested with such large parasites to be stunted, or, at any rale, below the 
average stature of the species. This ])aradoxi(*al comlition of the nuTuiilher- 
gates of Ph. drniata is easily understood, however, when we make due 
allow^ance for certain ])(*culiarities in the behavior of ants. In the first place*, 
it is obvious that the parasite must enter the body of the ant while sIk* is 
still a larva, 'riiis was ])r<)ved by the fact that two of thi* large* merrnither- 
gates AV(‘r(' callows, one of them still ve?T soft and pah' yellow, the* oihe*!* 
wdth hareler inte^gumont but withenit the eleH*p e*ole)ration of the: mature*, 
workers. Such huge parasite's ce)ulel se*are*e'ly have* maele* the*ir appe'arance 
in ants so re*cently e'se*a])eel from their pupal envele)pe*s. Put eve*u if there 
had !)e*e‘n ne) e*alh)W's ame)ng the mennithergate's, the* truth e)f the al)e)ve stale*- 
ment w'e)iilel still be patent, both be'e*ause the me?*mithergates were all 
infesteel w hile none^ e)f the normal we)rkers were* Ibiiiiel te> e*e)iitain ])arasite*.s, 
anel be*e*ause the strue-ture e)f an ant is, of e'ourse*, fixe'd in the* puf)al stage? ami 
cannot be subse*epently ine*re*ase'el te) the elimensie)ns e)f the inse'cts under 
conskleration. 

It is evident, furthermore, that the larger stature, which is very apparent 
not only in the elistenele*d gaster of the inerinithergate*s, but alse> in all the 
pthe*r f)arts e)f the* be)ely, e*an have its origin emly in an unusually large ame)unt 
of foexl (*e)nsumed eluring the growth perie)el e)f larval life. Ne)vv Ph. com- 
m,Uinta is exe*lusive'ly carnive)re>us and feeds at least its oleler larva* 
with pie*e*(*s e)f inse*e*t fe)e)el. The workers canned, the*re'fe)re, ace*urately 
regulate the amount of food consumed by each larva, and it must lx* possible 
for larva* infest(‘d with parasites, and hence presumably endowed wdth a 
moi*e voracious appetite, to consume a gn*ater quantity and hence produce 
larger pupa? and imagines than unparasitize*d individuals. If this inference 
is correct we must sup])ose that the stimulus to the increased feeding, i. c, 
the appetite, w hich results in the larger stature of the mermitliergate, resides 


1 Das (ieims Merinis. .\rc*l». f inikr. Auat., LIII, 1898, i>p. 149 168, Taf viii. 
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in the larva and cannot be accurately controlled by the worker ants. The 
theoretical bearings of these considerations will be postponed to a subse¬ 
quent portion of this article. 

Two years later (June 21, 1903), on revisiting New Braunfels I found 
on the very same hill slo])C two more colonies of Ph. comm.niaia containing 
mermithergates. On this occasion every effort, was made to secure the 
entire personnel of the colonies in a living condition. One colony, confined 
in too small a bottle, died before I reached my home, the other was success¬ 
fully transferred to an artificial nest. On examining the as})hyxiated colony 
I found it to consist of many female larvie and pupie, a few soldier and sev¬ 
eral worker larvae and j)U})ie, and a dozen mermithergates which varied con¬ 
siderably in size from individuals but litth; larger than the workers and 
without ocelli, to huge individuals like those taken two years previously. 
These larg(i mermitlKTgales possessed ocelli, a thoracic* structure like the 
soldiers and a rich rc‘d color like the femalcvs. Three pupal mcTmitlicr- 
gatcs were also found but their gasters were* not distendc'd. The earth of 
the nest contained two free* Mermlthes. 

''J^he ])(‘rs<)inud of the living <*olony (‘om])rised six adult and thrc'c ])upal 
m('rnnthcrgat(^s, a winged and s(‘veral pupal females, and a number of larval, 
pupal ami adult work(‘rs and soldiers. .\11 of the pupal m(‘rmithergates, 
like those in the* asphyxiatc'd colony, had the gast(*r in ])roper pro])ortion to 
the reniaindc'r of the' body, so that tlicw appc'aivd to be inerc'ly gigantic 
worker ])U}){e. One of these hat(‘hed June 21, the two others July 2. As 
soon as they had hatch(‘d, th(*ir gasters b(‘gan to enlarge* rapidly and in the 
course* of a fc*w^ days the (‘oils of the Minnis bc*caine visible through the 
distend(‘d |>ellucid ineinbranc's be'tween the A\idely s<*|)arated segmcmtal 
sclcrit(*s. Kvid(*ntly the ])arasites were prc'sent but of very small size in 
the pu])a* and gr(*w vc'ry raf)idly during the callow^ stages of thenr hosts wdiile 
the chitinons inv(‘stm(*nl of the gaster was still soft and dist(*nsible. This 
sudden growth of the parasite* is jwobably due* to the rich and abundant food 
with w^hich the* r(*c(*ntly hatched callow^ is supplied by her sister workers. 

This e^olony of Ph. cominutatn w^as kept under observation till August 12. 
Of the nine inennithe*rgatcs wliich it e'ontaiiuMl, three had died by June 27, 
and three more by July 19, while the nest was being transported in iiiy hand 
luggage from Te*xas to Colorado. Of the surviving three, two died July 
25 and 30 and the last August 12, Hence, at least one of these parasitized 
ants must have lived fully six w’ceks in the imaginal stage. In all of these 
cases the Mermu died within its host and both wx*,re c'arried to the refuse 
heap by the workers. One of the dead mermithergates had burst and the 
loops of the parasite protruded. In a state of nature it probably escapes 
fiom its host at this or an earlier stage, and enters the soil for the purpose 
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of laying its eggs. Or the eggs may, perhaps, be diseluirged into the ali¬ 
mentary tract of the ant and escape with its excrement. It is not difficult to 
conceive how they may find their way into the young larva. They may 
adhere to the body of the workers till gathered up by their strigils or tongues 
and transferred to the buccal pocket. Thence* they could be fed inadvert¬ 
ently to the larva*, either with the regurgitated liquid food or with piec!es of 
insects that had been malaxated and distributed by the workers. 

The living mermithergates were easily studied in my artificial nest and 
exhibited several interesting peculiarities in their behavior. On exposure 
to the sunlight they hurried, like the females, to the dark chamber, thereby 
evincing a much higher degree of negative ])hototropism than the workers 
and soldiers. They never carried the brood, although even the soldi(*rs 
were seen to do this occasionally. They never fed the larvfe, workers or 
females, and, had earth been jiresent in the nest, it is very probable that 
they would never have shown any inclination to excavate. They never 
visited the manger of the nest but were fed exclusively by regurgitation. 
As befitted animals containing such enormous parasit(*s tfiey wert* in a 
chronic state of hunger. It was imjiossible at any time to uncover the nest 
without finding one or more of them either being fed by a worker or eagerly 
begging for food. And as soon as one w^as offered food, three or four of 
them would rush up and put out their tongues for a share of it. ()nce 1 saw’ 
a single w'orker trying to feed five of her liuge parasitized sisters simultane¬ 
ously. While imbibing their food the mermithergates stridulated, either 
continuously or at regular intervals. Sometimes they were so impatient 
to be fed that they would hold down a worker’s head with their large fore 
feet and eom\)el the little creatim* to regurgitate. Under these eireum- 
stances the larvtc must have been ])oorly fed, for the insatiable m(*rmither- 
gates continually inlerc*epted tlie workers on their way from the manger 
to the brood chamber. The m(*rmithergatcs in my artificial nest may 
have been massacred or starved by the workei's and did not die merely as 
a r(‘sult of ])arasitisni for wdien the food supply becomes insufficient tin* 
tiny Ph. rommutata workers, like those of Ph. insfahili.^, j^robably rid the 
colony of voracious and nonjmxluctive mejidicants, even when these belong 
to their ow’u species. A|)art from their clironic hunger, the mermither¬ 
gates exhibited no abnormal traits of behavior directly attributable to 
parasitism. I'hey ran about with as much alacrity as the workers and 
soldiers. 1 heir other j)eculiarities, such as their strong negative })lioto- 
tropism, their dependence on regurgitated food, and the absence of the. 
foraging instinct, like their large size, their ot*elli and rich red color, may be 
regarde*d as female or soldier traits. 

Mermithergates occur also, I believe, in tw^o other Texan ants belonging 
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to the genus Cremastogaster {C. m.inutvtainui Mayr and C. victima missouri- 
ensis Pergande). Both are small honey-yellow species which nest under 
stones in shady places. From a colony of mivutissirrm taken June 3, 1901, 
in the very same locality at New Braunfels as the parasitized colonies of Ph. 
oommutatay I took thrive large workers which were described and figured by 
Miss Holliday as ergatoid females.* These me>asured 4.3-5 mm. whereas 
the normal workers of this species do not exceed 2 mm. They had small 
ocelli and greatly enlarged gasters, and though no parasites were found in 
them, it is not improbable that they contained young specimens of Mermis 
that may have been overlooked when Miss Holliday made her dissections 
for the purpose of ascertaining the condition of the ovaries. 

In a lot of a. viciiirm missonriensis collected by Miss Augusta Rucker at 
Paris, Texas, I have recently found four individuals resembling the mi- 
nutitisima merinithergatcs described by Miss Holliday. They measured 
3.2 and 4.5 mm. respectively, although the normal workers measure only 
2-2.5 mm. None of these mermithergates has oc(‘lli. In the two largest 
specimens the gastcr is very voluminous but seems to contain no parasites, 
and the m(\sonotum is unusually large and convex, so that the thorax resem¬ 
bles that of a pseudogynic Formica, 

Recourse to the literature shows that Emery had seen mermithergates 
in certain Central Americ*an and South American ants as early as 1890. 
In his paper on a collection of these insects from Costa Rica he describes 
and figures two odd specimens of Pheidole almirda Forel from Alajuela.^ 
'Fhey measured 7.25-7.75 mm., although the normal worker of this species 
measures only 2.75-3 mm. They had huge, elongated gasters, vestiges of 
ocelli, and a thorax similar to that of the soldier, but in the .shape of the head 
they resembled the worker caste. He did not observe that they were par¬ 
asitized but regarded them as ‘‘parthenogenetic females.^’ In the same 
j)apcr, and from the same locality, he also described three specimens of 
OdonUmachm hamatodes with a huge gastcr and a minute ocellus, as possibly 
a new variety (var. ? microcephahm),^ In this connection he mentions three 
other similar cases: an O. chelifer (var.? leptocephalus Emery) from Rio 
Grande do Sul, a Neopnnera mllom inver,m from Venezuela, and another 
tropical American ant, Ectaiommu iuhercidatum. In all of these cases the 
great volume of the gastcr was naturally attributed to an unusual develop¬ 
ment of the ovaries. 

Since reading my paper Emery has reexamined his specimens and finds 

1 A study of Some Ergatogyme Ants. Zool. Jalirb. Abtli. f. Syst., XIX, 4, 1903, pp. 311, 
312, 16 tigs. 

2 Studii sulle Formiehe della Fauna Neotropioa, Boll. Soc. Eut. Ital. Ann., XXTI, 1890, 
p. 40, pi. V, figs. 10 and 11. 

3 Emery calls attention to the fact that this form of hcemcUodes had been previously seen by 
Roger. 
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that in all of them the enlargement of the gaster is due to Mermis parasites.^ 
In addition to the above mentioned forms he also describes mermithcrgates 
in Pachycondyla fusmaira from Bolivia, and in the well-known South Amer¬ 
ican Paraponera clavafa. 

Both Emery (/. c., p. 591) and Wasmann® object to my applying the 
name macroergates to the Plveidole workers parasitized by Mermis, The 
latter author, who coined this term, applies it to “abnormally large workers 
with normal development of the gaster,’^ and in another place,® to “individ¬ 
uals which approach the females abnormally in the size of the body, but in 
other respects (even in the development of the gaster) are normal workers.’^ 
I am quite willing to be corrected, but it should be j)ointed out that the gaster 
in the adult piipte of the inemiithergates of Ph, commutaia, and probably 
also of the other species, is normal in its pro])ortioiis, the enlargement being 
confined to the imaginal instar. It is merely a mechanical dilatation such 
as is seen in the repletes, or ])lerergates of the homy ants (Myrmecocysfus) 
and in \\'asmann\s ^‘gyna'coid workers,’^ which arc nu'rely workers whose 
ovaries contain mature eggs. Although ihe dilatation in these different 
cases is due to the dilfcrenc(i in the contents of th<' gaster (liquid food, ovaries 
or parasites) the morphological results are the sam(\ Even had tln^ objection 
to the us(' of the term macroergat(*s been based on the pr(‘sence of the ocelli, 
it would not have been greatly strengthemMl, for thes(‘ may be absent in 
speciimms to whi(*h the term \^ould seem to be applicable. In my o])inion 
it may be })ermissible to distinguish three classes of mjuToergates, namely: 
macroergat(‘s proper (as defined by Wasmann), mc^rmitluTgates, and 
plerergates. 

Emery adds to his observations an int(Tcsiing hypothesis. He says (pp. 
601-fiO^): “1 ])eli(‘ve that the singular niicrocc])haly of the worker ants 
infest('d Avitli Mermis nniy })e attribut'd to a general law of growth of the 
ant-body and perhaps also of the insect body in general. 

“AYe must assume with AYheeler that tin* parasitic nematode enters tlu' 
ant larva and has already attained a ('onsiderable size before its metamor¬ 
phosis. As long as the larva retains its evlindrical, sj)indle, or clavate shape, 
the worm, no matter whether it is injurious to the growth and development 
of the larva or not, will have only a slight influeru'e on the external form. 
But as soon as the constriction appears at the anterior end of the abdomen 
during the preparation for the pupal stage, and the whole worm is relegated 
to the latter region, the defective nutrition of the larva makes itself felt in 


1 Zur Kenntmss des Polymorphisaius der Aineisen. Zool. Jahrb SuddI.. VII 1904 ni) 

687-610,9 tiKS. , , ^ » 11 • 

2 Ameisenarbeiiennneri als ErsatzkOnigmnen. Mittheil. d. schweiz. eiitomol Ges . XI 2. 
1904, p. 67. 

« Die ergatagynon Formen bei den Ameisen und Ihrc Erklarung. Biol. Centralbl.. V, 189&,, 
p. 606. 



1907.] Wheelerf The Polymorphism of Ants. 25- 

the anterior region, and especially in the head, while the abdomen is unduly 
expanded by the worm. Since the thorax of the nonnal worker, as a por¬ 
tion of the body already reduced to a minimum, is incapable of further 
diminution, it remains unchanged. In the head, however, tlie results of 
imperfect nutrition are more strongly felt; there is no longer sufficient sub¬ 
stance to form the powerful muscles that go to move the mandibles, so they 
remain small, and with them the muscle-containing occij)ital portions of 
the head are unable to acquire their normal proportions. Hence the char¬ 
acteristic narrowing in the posterior region of the head. 

“"riie ex})laiiation of the aj)pearancc of the ocelli and the greater devel¬ 
opment of the eyes in the parasitized microcephahe seems to me to present 
more serious difficulties. It might be supposed that, owing to the small 
development of the occipital region of the cranium, a greater quantity of 
ectodermal substance had remained over and thereby established more 
favorable conditions of space and nutriment for the formation of the eyes 
and ocelli. lInfortunat(;ly, the prestTvation of the dry specimens did not 
permit an accurate anatomical study of the organs (*ontaincd in the cranium. 
1 feel certain, nevertheless, that we are here dealing witli something like 
a general law. 

“Th(‘ elfect of the parasite on the formation of tlie body, and especially 
of the head, is not always (‘cpially intense: tlH‘ extent of this effect depends 
on the rc'Iations of the size of the worm to that of the ant. I'he larger the 
worm, and hence the greater the volume of the abdomen of the ant, the 
greater th(' aberration in the head. For tins reason Phvidole shows the 
grcat<^st alteration, then c'ome tlu* two species of Odoulomachns and Pnehy- 
candtfla fnscoairn, th(*n Ncopnnera inversn, and finally Paraponcra) in this 
gigantic ant the increase in the abdomen had no appreciable influence on 
the shape of the head.” 

This adaptation of lloux’s ‘Kampf der Teilc in Organismus’ to the 
mermithergates seems very plausible at first sight, but on closer examina¬ 
tion it ])roves to be less satisfactory as an ex])lanation of the phenomena. 
It would seem to be necessary to reach some definite conclusion, first, as to 
the morphological relations of the mermithergates to the normal castes of 
the species, and, second, as to which parts of the mermithergates arc enlarged 
at the ex})ense of other parts. In the case of Pheidole there are three possible 
answers to the first question: the inennithergatcs may rcprtjscnt small¬ 
headed, 1 . e., defective soldiers; ssecond, they may be very defective females, 
and third they may represemt excess development of the worker caste.* 
Emery rejects the third possibility, and while considering the two others, 
is inclined to regard the mermithergates as having arisen from soldier larvte 
in which the gaster has appropriated the nutriment of the head region so 
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that the latter is greatly reduced in size. This interpretation, which derives 
its plausibility from the soldier-like structure of the thorax in the parasitized 
Pheidok ahsurda, is equally applicable to Ph. commuiata. Emery is, how¬ 
ever, unable to account satisfactorily for the appearance of the ocelli and 
larger eyes. The case of Pheidole is certainly complicated by the existence 
of a soldier caste. Both in the Poneririe ants studied by Emery (Odonto- 
mcLchtUfy Neoponera, Paraponera^ etc.), and in the s[)ecies of the Myrmicine 
Cremastogaster above described, this caste does not exist, and hence the 
mermithergates may be only excess developments of the worker, or defective 
developments of the female. Although in these cases 1 believe that the 
former alternative is the more probable, at least in some of the species, the 
question cart hardly be settled without much additional material. 

Emery takes it for granted that the gaster is an excess development, 
because it is so greatly enlarged in the adult mermithergates. But I have 
shown that in the pupic in Ph. comrmitata, at least, the gaster is proportion¬ 
ally no more developed than any other part of the body. Hence we can¬ 
not conclude that the head is small because the gaster is large. We must 
rather suppose that tlie whole body exhibits excessive and uniform growth, 
and this must, of (*ourse, mean a uniform distribiiiioii of the metal)olized 
nutriment in the larva.^ It would seem, therefore, that the mermithergates, 
if they really arise from .soldier larvce, retain small heads because the para¬ 
sites and not the abdominal tissues appropriate the substances which in the 
normal soldier go to form the cephalic region. This is indicated by the 
fact that the head of the soldier does not develop till the scmi-puj)al stage, 
when the pellucid cephalic substances may be seen rapidly accumulating in 
the previously slender anterior region. l''his ex})lanation, whic*h resolves 
itself into a very obvious struggle l)etwcen the larva and its parasite and not 
between the parts of the larva, will also account for the smaller heads in the 
Poneririe mermithergates. In all cases the pupa tends to become a Avell- 
proportioned whole. It is evident that this tendency is very different from 
an unequal struggle of the various body regions with one another, since it 
implies a uniform distribution of the available nutriment. It implies, more¬ 
over, defect devc'lopments in the head, in the case of the soldier larva?. 
The failure to develop the huge head of the soldiers in Pheidole mermither¬ 
gates is in all probability due to the suppression of a very recently acquired 
character by the parasite, since there is every reason to suppose that the 
soldier caste among these and other ants is of much kiss phylogenetic anti¬ 
quity than the worker. This seems to be clearly indicated in the ontogene- 


1 Pr.T. H.MoutKomiMy iiifoims nif that crickets {Gryllun abbrerfatvs) infested with Mermis 
or with Paragordius varms are apt to bo larger than uninfested individuals The enlargement 
is not confined to the abdomen but also affects the other regions of the body as m mermithergates 
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tic development of colonies of Pheidole, Camponotus^ etc., for in these only 
small-headed workers are at first produced by the queens. Here scarcity 
of food produces almost the same results as parasitism — namely microce¬ 
phaly. At the same time that the tendency to produce a well-proportioned 
pupa suppresses the recently acquired macrocephalic characters of the 
species, it may be conceived to encourage the development of certain ancient 
phylogenetic characters like the ocelli and larger eyes, 'rhis is especially 
the case in the Pheidole larva for two reasons: first, because the mermither- 
gates of these ants probably approach more nearly the an(*estral stature of 
the workers, since it is very probable that the Pheidole workers have under¬ 
gone a reduction in size during the phylogeny of the genus, and second, 
because the larva, notwithstanding its parasites, nevertheless succeeds in 
accumulating more formative substance than is necessary for the production 
of a normal worker. ‘ 

On the basis of the above interpretation, which I would substitute for 
Professor Euiery’s, an interesting comparison may be instituted between 
the mermithergates of Pheidole eommvfafn and ahsnrda on the one hand, 
and the phthisergates of Ph. instabUis on tiie other. In the former cases 
the parasitic if situated in the abdomen of the larval ant, appropriates 
to its own growth the substances that will later be required to increase the 
volume of the pupal and imaginal head. In the latter case, the ectoparasitic 
Orasemn larva, situated just behind the head of the scmipupal ant, inter¬ 
cepts and extracts the head-producing substances as they flow forward 
from the abdominal region into the anterior end of the body. In both cases 
the result is a pathological microcc])haly, extreme and peculiar in the mori¬ 
bund pupal })hthisergates of Ph. inslabilis^ much less pronounced but per¬ 
sisting into the imaginal stage in the less seriously parasitized Ph. ahsurda 
and eom/m>ufafa. 

Emery has called attention to the interesting fact that all the known 
mermithergates occur among American ants. They occur moreover in 
species peculiar to the tropical or subtropical j)ortions of the New World. 
This would seem to indicate that the single or several species of Mermis 
which produce this anomaly in ants are of nither circumscribed distribution. 
The genus Mermis, however, seems to be cosmopolitan, judging from von 
liustow’s recent revision of the group (/. c.). lie records spe(*ies from 
Europe, ’^rurkestan, Madagascar, vSouthwest Africa, New Zealand, United 
States, Costa Rica, and Brazil. Some of the species, like the European M. 

> The effects of the parasitic’ Mermis on the host are not confined to mere mechanical dis¬ 
tortion and the withdrawal of nutriment. There is much evidence to show' that both Nematodes 
and Cestodes secrete toxic substance.^ that have a positive and far reaching effect on the tissues 
of their hosts. In this conncHdion see von FtJrth, Vergleichende Chemische Physiologic der 
Niederen Tiere, Jena, 1903, pp. 308-310, and Faust, Die Tierischeii Gifte, Braunschw'eig, 1906, 

pp. 223-228. 
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albwans von Siebold and nigresccns Duj., are well known parasites in several 
insect hosts, although no ants are recorded among the number. 

3. Thk Parasitism of the Lomeciiusini. 

Our knowledge of the extraordinary niyrmecoj)hil(>us beetles of the 
Staphylinid tribe Lomechusini is largely due to the indefatigable researches 
of the Jesuit Father E. Wasmarm. Beginning in KScSO and continuing to 
the present time, these researcht's comprise a series of more than thirty 
pa})ers.^ The work has been taken up more recently by Viehmeyer in 
Germany and by Father Mnekermann in Wiseonsin. My own observations,, 
which are still very fragmentary but not without interest, will be recorded 
after reviewing the work of the authors just mentioiu'd. 

A. ' The European Lomrrhum and Afrmeles. 

''i''he ethology of th(* Lonu'chusini is sueciiu'tly summarized by Wasmann 
in the following jmragraphs; 

“The Lomrckiim group, embracing th(' pah*aretic genera Lomechusa 
and Aiemcles and the nc'arctie genus Xrnodusa, contains, from an ethological 
point of view, the most interc'sting and at the same time the largest of the 
true ant-guests (symphiles) of the* arctic region. These Staphylinids, which 
belong to the subfamily Ah'oeharime, are treatt*d by th(* ants like their own 
kith and kin, live in antennary communication with them, are cleaned and 
licked and occasionally also carri(*d about; they ar(‘ fi‘d from the mouths 
of their hosts, although tlaw are also able to eat indejKmdtmtIy and frequently 
devour the ant-broo<l. The ants are <\specially attracted to these beetles on 
account of the prominent tufts of yellow hairs on th(‘ sides of tlu‘ir abdomen 
which arc licked by the host with e\idenl satisfaclion. Not only do these 
beetles tht*ms(dves live as guests among tfie ants, but th(' same is also true of 
their larvie. 'Fhe larvje of Lamerhusa and A/etnrIrs are r(‘ared by the ants 
like their own brood; they are lick(*d, fed with regurgitated food and, before 
pupation, covered or emluMlded in cells like tlunr own larvie. When the 
nest is disturbed they are carried by the ants to a place of safety in preference 
to their own larva' and pupa*. The priidelection of the ants for these adopted 
lan^ai is all the more remarkable because they are the worst enemies of the 
ant-brood and consume enormous numbers of the eggs and larvie of their 
hosts. This brood parasitism, in fact, causes the development of abortive 
individuals intermediate between the female and worker castes, and these 

> Twenty-five of those papers, down to 1902. are cited by Wasmann liimsoif at the end of a 
twenty-sixth contribution entitled; Neue Bestfttigungen derl.oniochusa-Pseudogynen-Theorie 
Verhandl, d(Mitsch. Zool. Ges., 1902, pn. 107-108; the remaining bibliography may be found 
among the card.s of tlie (Concilium Bibllographicurn. 

a Znr Biologic imd Morphologie dor Lomechusa-Gruppe. Zool. Anzeig., No. 646, 1897 
pp. 463-465. 
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intermedialai»y iKiifiinb I have called pseudogynes, gradually bring about a 
degeneration of llHfr)iparasitized colonies. 

Within the Jn^mechusa group an important ethological difference 
obtains betmen. Igmechusa and Afemeles, inasmuch as the fonner is 
homoecious, sp(‘cics of this genus have each but a single host (a 

species of Formei^^in whose company th(‘V complete their whole life-cycle; 
whereas the are heteru^cious, since as adult beetles they live with 

Myrtwim ruhm and^a species of Formica, but have their larvjc reared only 
by the latter. Therfact that Lornechma has only a single host explains the 
more highly devc^^Kd passive stage of its symphily. This is evident from 
the one fact aineagbg^fhcTs that the beetle is more affectionately treated by its 
normal hosts and.ia fed, not like an ant, but more' like an ant-larva. The 
heteroeeious charaGhu’ of the Alembics, which ar(‘ compelled twice during 
their life time to < 3 hange their normal hosts, once in the spring wiien they 
migrate for repii|ihictivc purposes from Mi/nnica to Formica, to have 
fheir larva reared^ by hitter, and once in the summer or autumn, when 
they migrate from Formica to Mynnica for tlie pur|)ose of hibernating, 
enables us to explain the greaf<M* active perfection of their symphily, their 
greater initiative towards the ants, and the closer imitation of tlu*ir Ixduivior. 
The last peculiaiity is (‘specially apparent in that tlaw do not, lik(‘ Lome- 
chusa, Clavigetr^ and Am phot is, Ix'g th(‘ ants for food merely by stroking 
them with their antenna', but also raise tlu'ir fore-feet aft(‘r the manner of 
ants, and stroke the ch(‘(*ks of the regurgitating hosts. On this account 
they are treattxl by their normal hosts like ants and not like ant-larvfe.’^ 

Five species of Jjomechusa and a greater number of species and varieties 
of Aierneles liave been d(*scrib(‘d. Of these L. strumosa is tlic best known. 
It is exceedingly rare in England,‘ but apjx'ars to be more abundant in cer¬ 
tain parts of the continent, esp(*cially in Holland and Imxemburg, where 
Wasmann haa been carrying on liis investigations. Its normal host is the 
blood-red slave-makcn- [Formica sanejuinea), though very rarely it may be 
found inthe^nests of F. ruja and pratensis. 

In the present article \\<* an^ mainly concerned with the pseudogynes 
mentioned. &i the above quotation. Wasmann has subjected these indi¬ 
viduals, whieh w’cre well know n to ForeF and Adlerz,® to a seandiing exami¬ 
nation, an®L(iescribes them as fcdlows:^ 

^ AceonHHIr to DonisUiorpe (Record of Capture of Loineehusa at Woking with Formica 
sanguinea^ Uptoinologist, XXXIX, July, 1906, p. 163), only three specimens have been recorded 
from JaBglaiMl;' Besides the one referred to in his article, one was “taken by Sir Hans Sloanr 
eath in 1710, the other found by Dr. Leach in the mail-coach between Gloucester 

» Les Founnis de la Suisse. Zurich, 1874, p. 138. 

* Myrmeooiogiska Studier. II Svenska Myror och deras LefnadsfOrh&llanden, Bihang. 

Svonaka Vat* Handl., XI, No. 18, 1886, p. 76. 

* Die eranlogynen Formen bei den Ameisen, 1. c., p. 612. 
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“Morphologically these pseudogyiiie workers may be characterized as 
an abortive combination of the thoracic structure of the female with the 
stature and gastric development of the worker; they impress one as frustrate 
workers, that have borrowed a female thorax. Their size, according to my 
observations, which extend over materials from a great number of colonies, 
is rarely greater than that of the average normal workers of the same colony, 
often considerably less. I'he head and gaster arc small, the former, in its 
relatively small dimensions, more like that of the female than the worker. 
The ovaries are, if anything, more feebly developed than in the ordinary 
workers. The mesonotum is hunched, disproportionately large compared 
with the pro- and epinotuin, and is usually rt'latively higher than in the 
female. In many specimens the scutelluni is large and separated off by a 
transverse suture from tlu* mesonotum. The postseutellum [metanotum], 
on the contrary, is barely indicat'd, although in some iiidividuals it forms a 
distinct narrow strip, while the scutellum is not separated off in front, but 
instead divided into two halves by a longitudinal line which is lacking in the 
female.’* Wasmunn lias found the pseudogynes most frequently in the nest.s 
of F, sanyuinea, mon' rarely with F, rufa, praiensis and fusca. When they 
occur they often make u}) from 5-7% of the ]>ersonnel of the colony, more 
rarely as much as 20%. *‘The coloration of the pseudogynic workers is 
almost without exception jialer than that of the normal workers. This is 
especially true* of the thorax; the color of the head, how'ever, is often darker 
than in the normal workers of the same colony, and corresponds to the 
darker head of the female. The slight color variation in the pseudogynic 
sanguinea is explain(‘d by the fact that in thissjiecies the female and wwker 
arc very similarly colored. Conditions are different in F. rufa and praiensis. 
Here the color of th(^ pseudogyne, although generally more like the darker 
tint of the female, is much more variable. In some fully mature indi¬ 
viduals it is paler than in the palest wwkers of the same colony. .. .All 
pseudogynes are, as Forel ob.served, cow^ardly and indolent. Not one of 
them attempted to bit(‘ im* while I was plundering their nests, though 1 
often knelt near them for hours while sifting out the myrmecophiles. The 
very opposite w^as true of the normal workers, which defended themselves 
with fury. The pseudogym\s act as if they regarded themselves as frustrate 
existences. In several of the observation nests of F. sangimiea kept in my 
room, they neither took part in excavating the earth nor in nursing the brood; 
they did more running about, however, than the females. Their vitality 
seems to be feebler than that of the normal workers, for none of them man¬ 
aged to survive a ea})tivity of several months, although some were callows 
and the remainder of the colony w^as in a prosperous condition.** 

Transitions between the pseudogynes and the normal workers on the- 
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one hand, and normal females on the other, are of very rare occurrence. 
Wasmann ^ has, however, seen one colony in which “all possible transitions 
between nonnal workers and females were represented. The pseudogynes 
of this colony may be divided according to their stature into rnicropseudo- 
gynes, mesopseudogynes and macropseudogynes. Among the mesopseudo- 
gynes there are numerous transitions to the workers, but never with vestiges 
of wings; among the macropseudogynes there are ergatoid and gynsecoid 
forms, of which the former sometimes bear distinct vestiges of wings on the 
relatively short, narrow mesothorax, while the latter often possess perfectly 
developed but rather short wings on the exceedingly broad mesothorax, 
and in addition similar posterior wings on the metathorax. The latter 
forms may be designated as macronotal, brachypterous females, in con¬ 
tradistinction to the normal stenonotal, macropterous females.^^ 

As Wasrnann’s researches progressed he became more and more im¬ 
pressed with the fact that the parasitism of the Lomechusini and the occur¬ 
rence of the pseudogynes stood in a causal relation to each other. A five 
years’ statistical study of 410 colonies of Formica sanguinea near Exaten in 
Holland finally led him to maintain the following theses:^ 

“a. The regions in which pseudogynes oc(*ur always coincide with 
Lomechusa regions. 

“b. The colonies containing pseudogynes are always the centers of 
Loincchtisa regions. 

“c. Pseudogynes are never found in sangnmea colonies outside the 
Lomechusa regions. 

“d. In colonies in which Lomechusa lives merely as a beetle (^. e., in 
the imaginal instar), pseudogynes arc never developed, but only in such as 
have for years been rearing the larvte of Lomechusa 

These results were found to hold good also for other European localities. 
He found, mort‘over, a similar cau.sal connection between the occurrence 
of pseudogynes of F. rufa and the beetle Atemclcs pubicoUis, F. riifibarbis 
and A. paradoxus, F. fusca and A. emarginatus. In the case of Atemeles, 
of course, the pseudogynes arc restricted to the ants among which its larva) 
are reared and do not occur in the Myrmica colonies with which it merely 
hibernates. The Formica colony is therefore analogous to the definitive 
host of dioecious, non-social parasites like the tapew^orm, while the Myrmica 
colony corresponds to the temporary host of this entozoon. 

As early as 1895® Wasmann undertook to explain the origin of the 


1 TJeber ergatoide Weibchen imd Pseudogynen bei Arneisea. Zool. Anzeig,, No. 5.36, 1897, 
p. 252. 

* Neue Best&tlgungen der Lomechusa-Pseudogyneii-Theorip. Verhaiidl. dfeutsch. Zool. 
Q^sell., 1902, p. 100. 

« Die ergalogynen Formen, etc., loc. cU. 
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pseudogynes. Previous authors had been inclined t^^iMgnrd tbem lui cases 
of atavism, t. <?., as reversions to the primitive femafelsit^ or ai 

blastogenic anomalies, i. e., as due to some peculiaril^ 4a 4he structure of 
the egg and hence referable to hereditary factors (Weisimiiai, Ford). Was^ 
mann, however, took the view that they ‘^are probably «daa4o a post-embiy- 
onic sistence in the development of the typical female ?is*sa, and arise from 
larvfe wliich were originally destined to become femdes, 4»itt had already 
passed the stage of wing-formation and had then bee® converted into 
workers/’ He conceives this deflection in the nonnal development to take 
place in the following manner: ^ 

“The normal mating period of Lomrehu.m strumma, according to my 
observations, is from the middle of May to the middle rf June. Usually 
the Lornrchvm lan’te are to be found in the only after this 

period. At the very time when the Jjomechusw begin to Jay their eggs, 
sanguinea bt^gins to lav a number of fertilized eggs wliich are to produce 
workers, llotli among these and the young larvic of the v^dker generation 
the Lomerhma larvic, as I have observ(*d, make terrifie ^bavoc. I have 
noticed that their food often consists almost exelusively^of these eggs and 
young larva', and that in th(‘ course of a few days a single Lomechusa larva 
<‘an devour a great number of them. 1 have seen some of4he larger Lonw-^ 
chum larva' attack and devour several ant larva? 4-5 inm. in length, one 
after another, although the Lowerhusa larvte in this sta|^ are usually fed 
from the mouths of tin' ants. As there may Ix' as Tnany,4iS several dozen 
Lomrehusa larva' in a singh; nest, th(' greater portion o^ .the first annual 
work('r generation may be dt'stroyetl in the course of a fe®f. weeks, for the 
parasites are extremely voracious and grow on the avc'ragCfvBlajost a milli¬ 
meter in length a day, and attain their definitive develojimciit (11 mm.) 
from the egg to the adult larva (and that at rather low temperatuj^s in my 
observation nests) in 12 to 13 days. Hence there must arise a very per¬ 
ceptible and sudden falling off in the development of the wodter generation 
and the ants endeavor to make good this deficiency by converting into workers 
all the available larvtT of the immediately preceding generatie®, that were 
originally destined to become females. 

“Another factor, secondary in imj)ortanee, however, compared with 
those above mentioned, confirms the tendency of the ants to transmute 
the female larvce into workers, namely the extraordinarily rajiid growth of 
the Lomrehusa larvje. On this account the workers lavish thoeare, which 
would otherwise be devoted to the female larvse, on the Lomrehum instead, 
for these impress the ants as being most admirable offspring. Hiis in turn 


1 Die ergatogynen Formen, etc., loco cit. p. 632. 
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leads to a neglect of the female larvae. (It is the counterpart of the rearing 
of the young cuckoo in the nest of the white-throat!) As a matter of fact, 
the Lomechusa larvae are the first to be rescued when the nest is disturbed. 
In general it may be said (according to my observations, in part previously 
published) that whenever I placed Lomt^chusce in strange sanguinea nests, 
the presence of the beetles themselves often led to a neglect of the brood, 
and more especially of the large female larvae.'" 

It will be observed that Wasrnann's view, which he styles a theory, rests 
on several inferences of very different degrees of probability. He may be 
said to have demonstrated that pseudogynes result from the parasitism of 
Lomechusa and Atemeles on various species of Formica. His further 
contention that the pseudogynes are not of blastogenic origin but arise from 
normal female larvte that have developed under abnormal conditions, must 
also be granted; especially as it has recently received experimental confir¬ 
mation from Viehmeyer.' This investigator removed an aged sanguinca 
queen from her colony which had for some y(‘ars been producing pseudo- 
gyries, owing to the j)resence of Lomechusa larvje, and caused her to be 
adopted by a new set of fifty unusually fine workers from an uninfested 
colony. Her eggs under the changed conditions developed into larvee that 
gave rise to nonnal workers. This, of course, proves that the pathogenic 
conditions cannot have their origin in the queen or in her ova. Wasmann 
has since published a similar experiment.^ Two sanguinca females belong¬ 
ing to a colony from Exaten and containing many pseudogynes were given 
.slaves (F. rufiltarbis) from Luxemburg colonies that had never been infested 
with Lomechusa and Aicvieles. During four consecutive years the offspring 
of these females developt'd only into normal workers. 

Up to this point Wasmann's hypothesis seems to rest on firm foundations, 
but as much cannot be said of his explanation of the pseudogynes as the 
abortive results of a belated attempt on the part of the workers to transmute 
female larvae into workers. He here steps on debatable grounds. It seems 
to me that he has come nearer the truth in that portion of the quotation above 
cited where he calls attention to the neglect of the female larv^ae by their 
nurses, for it is natural to suppose that these neglected larvae would be able 
to pupate and produce pseudogynes without any active intervention on the 
part of the workers such as the administration of a particular kind or quantity 
of nourishment. The great variation in stature among normal Formica 
workers on the one hand, and among females on the other, shows that there 
must be wide limits of larval stature within which spontaneous pupation 


1 Experimente z\i Wasmami’s Lomechtisa-Pseudogynen-Theone. Allgeiu. Zeitsflir. f. En- 
tom., IX, 1904. pp. 3.34-344. 

® Ameisenarbeiteniinen als ErsatzkOnigiiiiien, etc., loc. cit, p. 69. 
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is easily possible; and there is no occasion to suppose that this may not occur 
among larvce intennediate in size between those of the workers and females. 
The only apparent objection to this view is one which undoubtedly occurred 
to Wasmann himself and led him to suppose that the nurses actively trans¬ 
mute the female larvfle into workers, namely, the fact that the stature of the 
pscudogynes is usually below, and often considerably below, that of the 
largest workers. This, however, may be due to })urely physiological causes 
resident in the larva* themselves, for these would suffer starvation as a result 
of the ants’ infatuation with the Lompchusa larvoe and hence lose much 
of their substance (water and fat) by oxygenation during the period previous 
to pupation and subsequent to the inhibited histogenetic changes that have 
already progressed beyond the Avorker stage. Under these circumstances 
pupation would wear the aspect of a regenerative or regulatory process 
analogous to that which leads the isolated blastonieres of the sea-urchin and 
other animal ova to develop into complete but more or less abortive and 
diminutive larvte. 

The chief advantage of such an explanation lies in the elimination of an 
appeal to special instincts such as would be implied by an endeavor on the 
part of the worker ants to restore one portion of the ( olony — the vanishing 
worker personnel, at the expense of another portion—the annual supply 
of virgin females. Such an endeavor, though itself of tlic nature of a co¬ 
lonial regeneration or regulation, is not improbabk*, but on the principle of 
entia non mnt multi pi icanda praetcr nmessdatew,, does not seem to be nec¬ 
essary to an exf)lanation of the phenomena. On general biological princi¬ 
ples we should expect moribund ant colonies to take the opposite course 
and hasten the development of the sexual forms as the most appropriate 
method of insuring the survival of the sj)ecies and thereby the production 
or rejuvenation of coloni(\s. The ex])Ianation above suggested has, more¬ 
over, the advantage of being applicable to other cases besides the pseudo- 
g}mes of Formica. While treating of Pheidolc instuhilis (p. 3) 1 called 
attention to the occurrence in that ant and in a few allied species belonging 
to the Sonoran province, of a series of intermediates, or desTnergates, as 
they may be called, connecting the typical worker {ergate) and soldier 
(dinergate) castes. As these desmergates are perfectly normal I could not 
regard them as the result of Orasema parasitism like the phthisergates, 
phthisogynes, and phthisaners. Moreover, similar intermediates are of 
regular occurrence in s}>ecies of several oth(*r genera (Eciton, Dorylus, 
Soknopsi^, Azteca, Camponotus, etc.) where parasitism as an explanation is 
out of the question. In all of these cases the desmergates probably arise 
from larvae that have been neglected by the ants after having been enabled 
to grow and develop beyond the typical worker stage. That such neglect 
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should often occur is not surprising when we stop to consider that much of 
the time and energy of the workers of an ant community are consumed 
in other duties besides feeding the brood, such as foraging, excavating, 
cleaning one another, etc. Then, too, the rate of reproduction is enormous 
and must often out-run the available food supply, which itself is by no means 
constant. The very slow development of ants in their larval stages is evi¬ 
dence of slow metabolism, and as this cannot be due to low temperatures, 
at least during the summer months, we must suppose that long periods of 
enforced fasting or positive starvation not infrequently intervene in the lives 
of larval ants. Still further conditions which may, perhaps, conduce to the 
same result may be found in the appartuit absence of a very definite and well 
organized system of feeding the enormous brood, and the fact that this 
important function is frtH|uently entrusted to the presumably more or less 
inexperieneed callows. 

B. The North American Xenodusa. 

The Lomechusini art* r(*presented in North Ameritja by the single genus 
Xenodusa. Our best known species is A", cava Leconte (PI. Ill, Fig. 41), 
a deej) red beetle, 5-0 mm. in length, with slender legs and antennse and 
tufts of golden hairs (trichomes) on the abdomen, which is concave above, 
like the thorax, and turn(*d up at the tif). This species, which is so closely 
allied to the European forms that it has been placed successively in the genera 
Atemeles and Lomechusa, is stated by Wasmann to be ‘^ziemlich haufig’' 
in the TTnited States, but it has certainly proved to be decidedly rare in 
my own experience and that of several coleo})terists of my acquaintance. 
Messrs. W. Beutcnmuller and C. Schaffer, who have given much attention 
to our beetles, tell me that they have never taken it, and there is only a 
single })oorly j)reserved specimen in the large collection of the American 
Museum. 'Fherc may, of course, be localities in which the insect is as com¬ 
mon as Lomechusa strumosa in continental Europe, but if such exist, they 
have not yet been discovc'red or divulged. 

Leconte, who in 1S05 first described A’^. cava under the name of AtC’- 
msles camis, stated that he had never taken the insect and did not know its 
host.^ Some years later, according to McCook,^ he succeeded in taking it in 
the mounds of Formica exsecioides in the Alleghenies of Pennsylvania and in 
the nests of F. rufa (?) in various localities. This latter datum, however, is 
negligible, since the spticies of the exsecta and rufa groups in this country 
had not at that time been clearly differentiated. 

> New Species of North American Coleoptera. I. Smiths. Miscell. Coll., No. 167, 1863, i>. 
30. 

2 Mound-makiiiK Ants of the Alleghenies, their Architecture and Habits. Trans. Am. Eiit. 
Soc., VI, 1877, pp. 263-296, pi. i-vi. 
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Blanchard in 1879,* described in a brief note the capture of some 50 
specimens of X. cava in a large colony of black ants, which could only be 
Campotiofus herculean us pennsyl vanicus De G., in a white oak near Tyngs- 
boro, Massachusetts. The word “recently” occurring in this note, which 
was dated May 1, shows that the Xenodusa’ must have been taken during 
the winter or early spring and that they were hibernating with the Cam fX)notus. 
Hamilton, who published a good list of American inyrmecophilous beetles 
in 18SS,^ had apparently iK'vcr taken Xenodusa, as he cites only the records 
of Leconte and Blanchard. Schwarz, in 1890,'' mentions the insect as 
occurring with C. pennsyl vanicus and C. llyniperdus var. novwboracensis 
(—plctus Forel) on his own authority and that of Ixx’onte, Pergande, and 
Hubbard. Wickham,^ also records it as occurring with C. nova^horarensis 
at Iowa City, Iowa. 

In a recent paper Muckermann,® has inaugurated a slight advance in our 
knowledge of the habits of Xenodusa. Aug. 23, 1900, he succeeded in find¬ 
ing it in the vicinity of Prairie du Chien, Wisconsin, in a nest of nnveehora- 
censis, and during October of the following year lie found within a hundred 
feet of this nest a colony of Formica sanyninea rnhicundn containing a 
number of pseudogynes. The circumstances indic ated a causal connection 
between the occurrence of the pseudogynes and the parasites very similar to 
the connection establish<‘(l in Europe by Wasmann for the hetera^cious 
Atemeles. It must be expressly stated, however, that Muckermann did not 
find Xenoduser, either as adults or larvie, in the rvhicunda nest. And to my 
knowledge no one' has yet taken the beetle in colonies of any of tlu' Amer- 
can forms of sanguinea. 

Uj) to the present time 1 have been able to find A", cava only in two 
localities: Rockford, Illinois and Colebrook, Connecticut. These are, 
to be sure, the very localities in which I have collected ants most carefully. 
The following is the only observation made at Rockford: August 5, 1902, 
I took two fine specimens of A", cava from a large and flourishing colony of 
C. novcehoracensis in an old log completely riddled with the galleries of the 
ants. Neither Xenodusa larva* nor j)seudogynes were seem. The nest was 
well stocked with Camponotus larva? and pupa? in all stages and also contained 
several fine winged females. There WTre many ruhicunda nests in the 
immediate vicinity but no pseudogynes were to be found among their 
inhabitants. 

iBull. Brooklyn Knt. Hoc.. II, 1879, p 4. 

a Catalogue of the Myrniecoplnlous Coleoptera, with BibUogruphy aiul Notes Canad 
Entom., XX, 1888, No. rt, p. 164 

* Mynnecoi)hiloiis Coleopteiu Fouiul m Temperate North America. Ent. Hoc Wash I 
No. 4, 1890, p. 243. * ’ ’ 

< Further Notes on Coleoptera found with Ants. Psyche, VII, 1894, p. 80 

» Form'ica mnguinca subsp. ruhicunda Em. and Xenodusa cava Lee. Enl. News. Dec 1904 
pp. 339-341, pi. XX. * ' 
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My observations in Colebrook were more extensive and were all made on 
nests occurring on the slopes of three adjacent hills, which, for present 
purposes, may be designated as the eastern, middle and western hill, cover¬ 
ing a strip of territory about a mile and a half long and a quarter of a mile 
wide, or less than half a square mile. Late in August, 1900, I found a few 
Xeiiodusw in two large novceboracctisis colonies on the middle hill. These 
colonies were essentially like the one seen at Rockford, except that neither 
contained winged females. My remaining observations relate to a very 
different ant, Formica schaufussi var. incerla Emery, which forms many 
colonies on the Colebrook hills. This ant, as 1 have shown in former arti¬ 
cles,^ is the normal temporary host of F. diffirills var. comociam Wheeler. 
The following observations show that it is also the host of A’', cava. I may 
mention incidentally that, although F. ruhimnula and its var. sublnUr/ra 
arc very common in the same territory, 1 have ru'ver been able to find the 
beetle in any of their nests. 

F. in cert a first impressed me as being a probable host of Xcnodiisa in 
1901, when 1 began to notice pseudogynes in a numb(‘r of the colonies. 
August 13 to 24 of that year 1 took pseudogynes from seven colonies on the 
eastern and middle hills. Five of these colonies each contained only a 
few of the abnormal insects, but two, which seemed to be in(‘ipient colonies, 
<*ontained unusually small, })ale workers together with numerous pseudo¬ 
gynes of the same dimensions. One of the lalter colonies, taken August 25 
also contained a diminutive but perfectly developed female (microgyne). 
This colony was kept in an artificial nest till September 10. The numerous 
pseudogynes behaved in all respects like normal workers. They fed one 
another, carried the (*ocoons away when the nest was illumined, etc. In 
another colony that Avas used for some experiments with F. consorianSy 
two pseudogynes, which had hatched late in August, 1904, lived till April 
9 of the following year, and this notwithstanding the fact that one of them 
had much cripphnl antenme and ha<l to be fed and cared for by the normal 
workers during tlu* whole period. 

A remarkable colony was found during the early morning of August 13. 
The preceding night had been unusually void so that the ants were still very 
inactive and 1 was able to capture the entire j)ersonnel. It eonsisted of the 
following: a single dealated female, to all appearances the mother of the 
colony; S perfectly normal winged females; 40 normal workers; 2 larva*; 
193 pseudogynes, and 12 [)seudogyne pupa\ In this colony, therefore, 
nearly 80% of the personnel were pseudogynes! In size these averaged lik * 

1 A Nt‘w Type of Social l*arasitihm aiiionp Ants. Jnill. Am. Mus. Nat. Hist XX, 1904, 
p®. 347-375: ami On the Fonmling of Colonies by CJneen Ants, with Special Hefeveiice to the 
Parasitic and Slave-making Species. IbuL, XXII, 1906, pi). 33-105. 
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the workers, and were of the same color, except that a inimhcr of them had 
traces of the black antero-median and parapsidal blotches of the female on 
the mesonotum. They had a ])erfectly normal a])pcaranee, as the enlarge¬ 
ment of the mesonotum led to less distortion and inelegan(‘e of profile than 
in pseudogynic F, sanguinea and ruja, since in incerta, which belongs to the 
pallide-fulva group, the thorax, even of the normal worker, is unusually long. 
Traces of the scutellum and metanotum w(Te rarely present in any of the 
specimens, so that the only difference between these and normal workers 
was the greater prominence of the mesonotum. The extent of this modi¬ 
fication may be clearly seen by comparing Plate Til, Fig. 42, which represents 
a large tvj)ical worker, and h^igs. 43 and 44, which represent })seudogynes 
from the same colony and drawn under the same magnificalion. 

On finding these pseudogynes I vvtus convinced that an examination of 
the incerta nests earlier in the season would reveal the ]>resence of Xcnodiisa. 
Accordingly, on revisiting Colebrook during July of the following year (lOOo) 
I set to work to look for the beetle and its larva. July 1, 1 found under a 
stone on the middle hill a small colony of incerta containing al)out 75 normal 
workers, a few workcT pupa* and lurvie, and 6 larva* whi(‘h, from their res(*in- 
blancc to Wasrnann’s figure of the Lomrehnsa larva' could at orK*e be 
recognized as those of X. cam, JJie lc*gs, however, seemed to be miu‘h 
longer and the body more slemler and more concave above*. JJiey wen* 
clinging to the lower surface of the stone (‘overing the nest. 1 transferred 
them to an artificial nest together wdth as many of the ants as 1 could ea})turc. 
The larvae associated themselves with the brood which the ants had collected 
in the caviti<*s of the damp sponge in the dark (*hamber of the nest. 44u*y 
walked about but little and very chi'iisily as their legs seemed to be incapable 
of much movement at the strongly flexed articulation between the femora 
and tibia*. They were frequently seen in the act of begging the ants and 
one another for food. At siK*h times they raised their fore feet and stroked 
the head of the ant or fellow larva. Although the ants usually responded 
very willingly to this solicitation, the licpiid food thus received seemed to be 
insufficient, for one morning 1 saw one of the Xenodusa larva* seize and 
devour an ant larva about 3 mm. in length. On July 7 two of the Xenodusa 
larvie had disapj)cared ((*aten by the ants?) and the remaining four had 
become somewhat inactive after having grown appreciably during their 
week’s confinement in the artificial nest. Fearing that the ants might devour 
the remaining parasites, and concluding from their size that they must be 
nearly ready to pupate, I removed them from the nest and embedded them 
in some earth. 'Phis proved to be disastrous as I had not taken the precau- 

* Die Modorne Hiolojyie uiid die Eiitwicklungstheorie. 2 Aiifl., Fieiburfi^i Hr, 1904 D 
223, fi*?. 30. 
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tion to sterilize the earth which must have contained some predacious insect. 
At any rate, I could find no traces of the larvae when I carefully examined 
the earth several days later. 

This brief but interesting glimpse of the larval life of Xenodusa led me 
to examine all the incerta nests I could find in the hope of obtaining more of 
the parasites. Although I failed to secure any more of the larvae, I was 
rewarded July 14 by finding a mature Xenodusa in a small colony on the 
western hill. This colony had a depauperate appearance and comprised 
only about 50 workers, two dealated females and a few worker pupse. It 
contained no pseudogynes. 

These observations, made, as I have stated, within an area of less than 
a square mile, prove that the larvsB of A’', cava are reared by F. incerta during 
the latter part of June and the first weeks of July, and that the adult beetle 
may be found as early as the middle of the latter month. During August, 
however, the Xenodnsoc are found only with C. novcchoraccnsu. That they 
pass the winter with ants of this species is indicated by Blanchard's note 
cited above. It is probable therefore that cava is hetenecious like the 
Europtian Atemeles, as Wasmann surmised,^ but instead of a Myrmicine 
and a (^amponotine host, both hosts in the American species are Campono- 
tine ants. 

The occurrence of pseudogynes late in the autumn in so many of the 
incerta nests agrees well with Wasmann's theory that these anomalous forms 
are the result of Lomechusine parasitism, but there arc several facts con¬ 
nected with this occurrence which seem not to be in full accord with his 
theory. A colony like the one above described, which contained nearly 
80% of pseudogynes together with several normal winged females, was not 
encountered by Wasmann in his study of the sanguinea colonies. He never 
found more than 20% and usually the number did not exceed 5%. He 
says, moreover:^ 

‘^According to this theory the pseudogynes arise from converted female 
larvte; from which follows, first, one ought to find no recently hatched nor¬ 
mal females, or at least very few of them, in the same colony with recently 
developed pseudogynes, since the female larvte of the respective generation 
have been changed into workers as far as possible; second, the number of 
pseudogynes in a single colony must not surpass the number of normal 
females which they represent. I do not hesitate to subscribe to both of these 
conclusions. The former, at least according to my own observations, is 
actually substantiated, since I cannot remember ever to have found recently 
developed females associated with recently developed pseudogynes. At 

* Zur Biologie der Lomechusa-Gruppe. Deutsche ent. Zeitsclir., 1897, Hett II, p. 275. 

* Die Ergatogynen Formeii, loc. cit., p. 635. 
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first sight the second conclusion seems not to be justifiable. For how is 
it to be reconciled with the occurrence of as many as 20% of pscudogynes 
in a single nest ? We must not, however, lose sight of the fact that the usual 
percentage of pscudogynes <Ws not surpass that of the winged females, 
which may occur in a colony of Formica sanguinea or rufa, and that it cer¬ 
tainly does not surpass the maximum which, according to my observations, 
may reach 5% in many sanguinea colonies. Now the pscudogynes do not 
leave the nest but I’emain in it, whereas the normal females escape at the 
time of the nuptial flight; hence it is only necessary that the conversion of 
larvse into pscudogynes should be repeated for several generations and 
several years, to raise the number of these individuals to 20%.” Wasrnann 
also states that it is nearly always the same Formica colonies that are found 
to contain Lomechusa and Aiemdes year after year. These considerations, 
however, fail to throw any light on the above described colony of P\ inceria 
with its enonnous number of pscudogynes associated wilh winged females 
and so small a number of workers. For if A", cava hibernates with C. novcc- 
horacensis it does not seem probable that it would return year after year to 
the same inceria nest, when there are hundreds of nests of this ant in the 
immediate neighborhood. l''hen, too, inceria colonies, unlike those of 
sanguinea, riifa, and fnsca are very small, rarely comprising more than 
about 500 individuals, and could not even survive to raise X. cam year after 
year if the larva* of this be(*tle arc as dcvstructive to the brood as the larvre 
of Lomrehusa and Atemeles. But this wholesale destruction would set'm 
to be necessary, according to Wasrnann*s view, to bring about the conver¬ 
sion of female larvre into jjseudogynes. Moreover, if the })seudogynes are 
as short-lived as Wasrnann supposes, how can they accumulate to any great 
extent in a single colony? And finally, how can a colony of incerta of the 
size of the one above described produce as many as 213 females in a single 
season ? These considerations lend probability to the view that Wasmann's 
theory may require some emendation when we come to have a fuller knowl¬ 
edge of the habits of Xenodusa. 

F, incerta and ruhicunda are not the only North American ants that are 
able to produce })seudogyncs. In going over my collection I find that I have 
mounted a number of these anomalous individuals with the normal workers 
from nests of the following ants: 

1. F. rufa Integra Nyl. 

(a) A single pseudogyne taken several years ago by Mr. J. Angus at 
West Farms, now a part of New York City. 

(b) A couple of callow pscudogynes collected July 8, at West Chester, 
Pennsylvania, by Mr. J. C. Bradley. 
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(c) Five pseudogynes which hatched in an artificial nest from cocoons 
taken August 1, 1905, from a very large colony at Colebrook, Connecticut. 
None of these is larger than a small or medium-sized worker of iniegra, but 
they all have the thorax clouded with black, although this subspecies differs 
from other forms of rufa in the absence of any infuscation of the head and 
thorax even in the smallest workers. 

2. F, rufa ohscuriventris Mayr. var. mclarwtica Emery. 

During August, 1903, a number of cocoons of this ant were taken from 
a large and flourishing colony at Rockford, Illinois, and placed in an arti¬ 
ficial nest containing Polyergus rufescens hreviceps Emery with F. cinerea 
var. neocinerea Wheeler as slaves. The cocoons were at first neglected and 
finally carried by the workers to the refuse heap. On opening them I found 
in each a perfectly formed pseudogyne that must have died when very 
nearly ready to hatch. Some of these were as small as the smallest, but 
the majority were as large as the average melan/yfioa workers. In two 
specimens, represented in Plate IV, Figs. 50-52, the thorax is seen to be 
more like that of the queen than in the pseudogynes of F. incerta. 

3. F. fusca var. neorufibarbis Emery. 

A single pseudogyne taken in Salt Lake County, Utah, by Mr. C. V. 
Chamberlin. In this sj)eeimen, which is smaller than the average worker, 
the dark thoracic blotches of the female are clearly indicated. 

4. F. sanguinea ruhicunda var. subintegra Emery. 

(a) Two pseudogynes taken August 8, 1903, nt'ar Colorado Springs, 
Colorado, from a colony containing F. fusca var. argentaia Wlieeler as 
slaves. 

(b) A single pseudogyne from a small colony taken August 13, 1903, 
in Cheyenne Canon, Colorado. The slaves in this colony belonged to F. 
argentaia and F. subpoHia ]\layr. 

If we accept Wasmann’s theory of the constant association of Lome- 
chusini and pseudogynes, we must believe either that the single species, 
A^. cava, breeds in the nests of several of our species of Formica, or that this 
name covers several closely allied species of Xenodma, each with its normal 
host, but as yet undistinguished by coleopterists. Wasmann’s description 
of different varieties of X, vava ^ may, perhaps, be regarded as supporting 


I Revision der Lornechusa-Gruppe. Deutsch. ent. Zeitschr., 1896, pp. 244-256. 
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the latter alternative. But there is still another possibility which I cannot 
regard as altogether precluded in the present state of our knowledge, namely, 
that Wasmanii’s theory may be too concisely formulated, and that pseudo- 
gynes may occasionally be produced even in colonies that have never been 
infested with Lomechusini. This would, indeed, be veiy probable if, as I 
have supposed, the pseudogynes arise from female larvae that have been 
merely neglected by their nurses at a particular stage of development. 

Even more fragmentary than our knowledge of A", cava is our knowledge 
of the other species of the genus. Wasmann recognizes three additional 
species from North America: won/ana Casey ^ from California, caseyi 
Wasm. from Colorado,^ and sharpi Wasm. of Mexico.*’ Many years ago 
Walker described from Vancouver an Atemeles reflexus ^ which is probably 
the same as X. rava, and Fall® has recently described from southern Cali¬ 
fornia a Lomcchusa angusta, which is a Xenodusa and may prove to be a 
synonym of Wasmann\s X. caseyi, the smallest of our species. 

The ethological notes accompanying the descriptions of these various 
species are very brief. According to Schwarz,® A", monfana has been taken 
in the nests of Camponotus lanngatus F. Smith, an ant which hardly descends 
below 6,000 feet in the Rocky Mountains and Sierras, and V. M. Wirtner, 
O. S. B., according to Wasmann,^ has taken this same beetle in the nests of 
Formica suhpolifa in Colorado. X. montana seems, therefore, to be heteroe- 
oious like X, cava. Father Wiriner also took the type of A", caseyi in the 
nest of F, subpolita, X. sharpi was found in a nest of Camponotus auricomus. 
One of the type specimens of X. angusfa was taken by Dr. A. Fenyes “with 
ants in a large oak gall.’’ It is probable that these ants belonged to some 
form of Camponotus marginatvs as this is, according to my observations, 
the commonest and most widely distributed ant nesting in oak galls in the 
southwestern States. If this is the case, and if, as 1 suspect, A", angiista 
is the same as A', caseyi, this sj)ecies would seem to be hetercjecious like X, 
cava and montana, 

\A’hether there are any Xenodusw that are regularly or even occasionally 
monoecious with species of Campmotus cannot be decided at the present 
time. Wasmann entertains this possibility because pseudogynes of this 
genus have been described, and their existence would ex hypoihesi n^quire 
the rearing of Xenodusa larva; by Camponotus, Emery has described a 

» Descriptions of North AnuTican Coleoplera, I. Bull. Calif. Acad. Sci., II, 1886-87. p 
202, 203. 

8 Eilie neue Xenodusa aus Colorado rait einer Tabelle dcr Xenodusa-Arten. Deutsch 
Ent. Zeitschr., 1897, 11, p. 273, 274. 

3 Bevisioii der Loniechu.sa-druppe, 1. c. 

* 111 Lord, The Naturalhst in Vancouver Island and British Columbia, II, 1899, p. 317, 318 
I-ist ^of^the^Ojleoptera of Southern California. Occas. Papers. Calif. Acad. Sci., VIIl| 

i ifynnecophilous Coleoptcjra, etc., loc. cit., p. 246. 

^Zur Biologie der Lomechusa Gruppe, loc. cU., p. 276. 
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pscudogyne of a variety of C. seriex Fabr. from Bolivia/ and Miss Holliday * 
has called attention to a couple of pseiulogynes of C, maculafus vicinus 
Mayr. var. nitidiventris Emery collected by Professor Harold Heath at San 
Jose, California. Very recently Emery has discovered a pscudogyne of C, 
igneiis (?) in the Baltic amber.^ In another place^ he has described what he 
regards as a pseudogyne of a Mynnicinc ant, PheidohgeUm diversv^s, of 
India. I figure some specimens of two different varieties of Myrmica rubra 
{sulcinodoides and srhencici) which have a thoracic structure that may pro¬ 
perly be called })seudogynic (PI. IV, Figs. 45 and 46, 48 and 49) when 
compared with that of the normal worker (P"ig. 47). The mesonotum is 
distinct and unusually convex, and there are clear traces of scutellar and 
metanotal sclerites. Some specimens (Fig. 45) bear vestiges of wings like 
tlios(‘ of the pterergates. As there is little probability that such forms are 
due to Loniechusini, it has been suggested that other j)arasites may be re- 
s{)onsible for their production. I am inclined to b(‘li(‘ve that they arise 
occasionally even in uninfested colonies. If it be true that these anomalies 
as well as the above des(Til)ed pseudogynes of Formica arise from neglected 
immature female larva*, it should be possible to produce them artificially 
by separating such larva?- from their nurses for several days. During the 
coming summer I hope to take up some experiments with this end in view. 

4. The Commensalism of Mktopina. 

The parasitic insects considered in the preceding sections of this article 
are of more than usual interest be<*aiise they produce certain eff ects notice¬ 
able both in the structure and behavior of their Formicid hosts. While all 
these effects are wrought through a withdrawal of nourishment from the 
developing larva*, each natural grouj) of parasites adopts a different method. 
Thus the c(;to})arasitic Orasema larva extracts important juices from the 
body of the Phcidole larva directly and with great raj)idity, thereby reducing 
its host to a mere skin, which, though still able to pass on to the pupal stage, 
no long(*r possesses sufficient substance or vitality to reach the imaginal 
stage. I'he Mermis larva d(*velops much more slowly within the alimentary 
tract of the ant larva and appropriates a portion of the food before it has 
been metabolized and converted into living compounds of high morpho- 
genic })Otentlal. Finally, the presence of the Loinec*husini within the Formica 

> Intorno al Torace delle Formiche. Boll. Soc. Eiit. Ital., XXXII, 1900, p. 17 (of extiuct), 
fig. 14. 

Home Ergatogynic Ants, loc. cit, pp. .313-31.5, fig K. 

3 Deux Fourims de i’Ainbie de la Baltique. Bull. Hoc. Eut. France,, Ann^e 1905, No. 13, 
,p, 189, fig. 2. 

Zur KenntnLss des Polymorphisinus, loc, cit., p. 605-608, figs. 
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nest leads to a withholding of the necessary food from the larva', or, if Was-^ 
mann\s view be adopted, at least to a withholding of the proper kind of food. 

All of the abov(' insects are ravenous parasites which ultimately destroy 
their hosts either individually or as communities. The insect to be de¬ 
scribed in the following })aragraphs is much more benign, for if it surre|> 
titiously appropriates some of the food that has been given to the larval 
ant, the amount it consumes seems to cause no serious inconvenience to its 
host. It is conceivable, however, that the presence of this commensal iii 
great numbers might lead to very apj)reciablc disturbancr's in the trophic 
status of a colony. The inst'ct is a little l)i})teron fly, whose larval and 
pupal stages I descTibed in a j)aper published some yi'ars ago.' At that 
time I was unable to breed the imago and could only state that it was in all 
probability one of the Phoridic. During the late autumn of 1901 Mr. C. 
T. Brues succet‘d('d in rearing the adult insect from some larvte which I gavt* 
him. He has since described it as Meiopina pachycondyloe? Much of my 
former account is here reproduced in a slightly altc'rt'd form, together willi 
an enlarged photograph (PI. V, Fig. (>9) of the larva' «,nd })Upa' of both host 
and commensal. 

On October 27, 1900, 1 made a short excursion to Mt. Barker, which 
is hardly more than an hour’s walk from the university at Austin, Texas. 
The woods about the base and on the slopes of the (‘levation an' favoritt; 
nesting grounds for the large black Ponerine ant, Parhyrondy/a harpax 
Fabr. In October this ant is rearing its sc'coiid brood of larva' and juipte, 
having completed the education of its first l)rood during June and July."^ 
Wishing to continue some observations on the habits of Parhyrovdyla, I 
dug up one of the largest colonies 1 could find and carried it home in a bag. 
On transferring it to a Lubbock nest 1 took the census of the colony and 
found it to comprise 2o worker ants, 13 cocoons, S mature, larva*, 7 imma¬ 
ture larvjc, and a })ac*ket of eggs. While counting the larva*, which are 
shaped like the well-known cucurbitaceous product known as the “crooked¬ 
necked squash,’’ and covered with hairy tubercles, I noticed that six of tlu* 
largc'st.and one of the smallest presented an unusual aj^pearance. Fach of 
these seemed to wear about its neck a huge collar— a kind of PJizabethan 
ruft*— consisting of a curled larva (PI. V, Fig. 09 .r). That this could not 
be anoth('r ant-larva was apparent from a moment’s examination. In all 
cases it almost completely encircled the ant-larva in the region of the first 
abdominal, or in some cases the metathoracic, segment. The posterior end 


* An Extraordinary Anl-ftimst. Am Naturalist, XXXV, 1901, jm). 1007 1016, 2 figs. 

2 A Monograph of the North American Phondie. Trans. Am. Ent Soc., XXIX. No 4 
1903, p. 384. 

3lor an account of the habits of this ant, see my paper, A Study of Some Texan Ponerina* 
Biol. Bull., Vol. II, No. 1 (Oct. 1900), pp. 1-31, tigs. 1-10. 
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was provided with a kind of disk, which adhered so tightly that both larva' 
could be killed in alcohol without separating. The collar-like larva was 
broad behind the middle, but tapered anteriorly to a very slender thoracie 
region and head provided with small jaws (Fig. 09 z). These were sup¬ 
ported by a chitinous frame-work of such characteristic structure as to show 
that the adult form must be a true Dipteron. I'he very smooth and tense 
integument, which was armed with some short, hooked bristles, was very 
transparent, so that the peristaltic movements of the viscera were clearly 
visible. 

As soon as the ants had been transferred to the Lubbock nest they wx're 
given a number of young larva* of CamjHmoins maccooki var. sansabcanus 
Buckley. These they soon proceeded to malaxate with their mandibles, 
twirling the morsels about in the meantime with their fore legs and lapping 
up the exuding juices with their tongues. Finally they deposited the crum¬ 
pled and ])ulpy remains of the Camponoii on the trough-like ventral surfaces 
of their larva*, which had been previously placed on their backs in a rough 
chamber dug in the earth of the nest. This chamber was immediately 
under the glass roof-pane, so that further developments could be closely 
observed with a pock(*t lens. Each ant-larva at onc*e stretched forth its 
head eagerly and began to devour the viands with which it had just been 
provided. At the same moment the Dipteron larva, too, as if sniffing the 
odor of the fresh food, uinvound its tapering neck from the ventral surl*ace 
of its host, and w ithout shifting the attachment of its posterior end, at once 
plunged its mandibles into the food. Under the lens both larvte could be 
seen greedily dining side by side till the last particle of Camponofus larva 
had been consumed or prematurely removed by the w orker ants. 

When the ant-larva' were huddled close together, a collar-like larva was 
sometimes observed to reach over and help itself from the food supply of a 
neighbor; but even when thus compelled to crane its neck to the utmost, 
it never shifted the attachment of its caudal end. Sometimes when there 
was no food within reach it wxiuld tweak with its sharp little jaws the sensi¬ 
tive hide of a neighboring ant-larva, till the latter squirmed with pain. It 
wrould sometimes even tweak its owni host, as if to make it wriggle and per¬ 
haps thereby incite the worker ants to bring a fresh supply of provisions. 

The following day tw^o living myriopods (Lithobiiis) were placed in the 
nest. During the morning hours they were killed by the Pachycondyla 
workers, shorn of their many legs, cut up into pieces of convenient length, 
malaxated, and fed to the larvae as on the preceding day. And again I was 
able to witness the strange banquet — the dw^arf reaching down from the 
shoulders of the ogre and helping himself from the charger formed by the 
trough-like belly of his host. The same observation w^as repeated on sev- 
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eral consecutive days. Pieces of various ant-larvic, beetle-larva*, Lithohius, 
Scuiigeray OnismSy — all were served up to the ant-larvie and partaken of 
with great relish by the Dipteron larvae as well. There could be no doubt 
that the latter were true commensals,— j)erhaps the most perfect commen¬ 
sals, in the original meaning of the term, to be found in the whole animal 
kingdom I 

As one of the smallest Pachyeomlyh larvaj, scarcely one-fourth grown, 
bore a very small Dipteron larva, it is, perhaps, safe to say that the ant-larva 
acquires its commensal at a very early age. The two then grow up together, 
so that there is always a certain relation between the two kinds of larvje — 
large Pachycondyla larvjc bearing large commensals, and vice versd. The 
worker ants lick and cleanse the commensals at the same time that they are 
caring for their own larvae. This is usually done after meals. Since, 
during this operation of cleansing, the ants spend no more time over the 
commensals than they do on a similar area of the body surface of their own 
larvae, it would seem that they are not even aware of the existence of the 
commensals. To these nearly blind ants, which must rely almost exclu¬ 
sively on their senses of smell and tou(*h, the larvte bearing commensals, 
if distinguished at all from individuals without these satellites, would prob¬ 
ably be perceived merely as having unusually protruding necks. But 
there is nothing to indic^ate that these insects are really capable of perceiving 
such differences in their environment. 

On the 5th of November I obtained satisfactory evidence that the Meto- 
pina larva is not obliged to remain always with the same Parhycoiulyla 
larva. During the night one of the large larva* had moved anti attached 
itself to the first abdominal segment of an ant larva whicli already bore a 
commensal around its metathoracic segment. The two larvae were oriented 
in opposite directions, ^. c., with their heads reaching around opposite sidtis 
of their host. Subsequently one of these commensals moved to an unoccu¬ 
pied Pachycondyla larva. I was not present when the change occurred, 
nor was I able to determine whether it was the originally stationary or the 
adventitious larva that moved. Although this observation makes it certain 
that the Metopinxi larvae can shift their position from one host to another, 

I am convinced, nevertheless, that they must do this with great reluctance 
and only under urgent circumstances, such as extreme hunger, the death 
of the larva to which they are attached, or, perhaps, when fully mature and 
about to pupate. 

As the days passed, the mature ant-larvae spun their brown cocoons 
(PI. V, Fig. 69 u) one by one, and one by one the mature commensals dis¬ 
appeared. Did they also pupate and for this purpose conceal themselves 
in the soil of the nest? Or had the ants at last detected the villains and 
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converted them into food for the larvae which had not yet pupated ? Or 
did they stick to their hosts and pupate within the cocoons ? In order to 
ascertain, if possible, the true state of affairs, I transferred the whole colony 
to a fresh nest and examined the soil of the old nest with great care. There 
were no traces of the missing commensals. The only remaining resource 
was to open the cocoons. Several of the cocoons which had been taken 
with the nest October 27 had hatched, but by November 10 there were still 
thirteen cocoons in the nests, as several of the larvfc had pupated in the 
meantime. Five of these were opened, and in two, which contained semi- 
pupae of Pachycondyla and were, therefore, of recent formation, commensals 
were found I Having shared the table of their host, they had come to share 
its bed as well. The MetopinUy too, had pupated after the manner of its 
kind — forming a puparium; i. c., instead of spinning a cocoon like the 
ant larva, the dead larval skin, somewhat shriveled and c*ontracted, was 
used as an envelope, and within this the pupa proper was formed. 

This puparium, represented in Plate V, P'ig. 60 v, is from 2.25 to 2.5 mm. 
long and clearly of the cyclorhaph type. It is elliptical, much flattened 
dorso-ventrally, especially along the edges, which are thin and hyaline and 
almost alate. The brownish dorsal surface is thrown into delicate and 
irregular transverse wrinkles. Anteriorly, in the thoracic region, there is a 
pair of short black respiratory tubes. The ventral surface is very glabrous 
and distinctly paler than the dorsal surface. 

Subsequently, several other cocoons were opened and two more were 
found to contain the puparia of commensals. In all four cases the puparium 
was invariably located in the caudal pole of the cocoon, just to one side of 
the black blotch of ejecta deposited by the ant-larva before becoming a 
semipupa. At this point the puparium was immovably stuck to the wall of 
the cocoon by means of its smooth ventral surface. Its anterior end was 
directed towards the cephalic pole. As there is always considerable space, 
especially at the posterior j)ole, between the walls of the cocoon and the 
enclosed ant-pupa, the much flattened fly puparium did not in the least 
crowd its host. 

It would be inten'sting to know what the commensal larva is doing 
while the ant-larva is weaving its cocoon. Does it move about to avoid the 
swaying jaws of the spinning larva ? Or docs it take up its position from 
the first at the posterior end of the larval ant and there remain motionless 
while the posterior pole of the cocoon is being completed ? It is very diffi¬ 
cult to answer these questions. The fact that the posterior poles of all the 
cocoons containing puparia were somewhat distorted, being broader, more 
obtuse, and more irregular than the normal cocoons, would seem to indicate 
that the ant-larva may modify this end of its cocoon for the better accom- 
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modation of the commensal. I am inclined to believe, however, that the 
distortion may be produced by the Metopwa larva while attaching itself 
just before pupating to the newly woven and still plastic cocoon. 

Reflection shows that the }K>sition of the puparium in the posterior pole 
of the cocoon, though the reverse of the position of the larval commensal 
with respect to its larval host, is the only one which can be maintained by 
the commensal with pei*fect safety. Like other ants, the Pacliycondyla 
leaves its cocoon through a rent in the anterior pole. This rent is certainly 
made by the mandibles of the hatching ant, and it is possible that the callow 
insect may succeed in making its w'ay out of the cocoon without any assistance 
from the workers. I have hitherto failed, howevcT, to surprise one of these 
ants in the act of hatching. But even if the obstetrical aid of the workers 
is necessary, as it is in the more highly specialized Cainj^onotina', any 
position for the commensal puparium, exce])t at the posterior pole of the 
cocoon, might be fatal, for the struggling jaws and legs of the emerging ant 
and the jaws of the assisting ants w-ould certainly be very liable to cut into 
so delicate an object attached to the anterior or median walls of the (‘ocoon. 

At this point my first set of observations on the Mefopina ended. The 
Phorid puparia were kept for several wT(‘ks in what I supposed to be the 
proper conditions of warmth and moisture, but to my intense disappointment 
they failed to hatch. During the autumn and winter frecjuent and diligent 
search was mafle for more of the commensals in all the Pachycondyla nests 
I could find, but in vain. Finally, during the latter part of May of the 
following year, I discovered in a very different locality two Pachycondyla 
nests which contained a few Metopina larva*. This discovery proved that 
the Phorid is double-bn)oded like its host. But the larva* were very small 
and attached to such very young ant-larvie that I despaired of being able 
to raise them in my artificial nests as far as the imaginal stage. l''he search 
for Pac.hycondyla nests containing Metopinoi was again renewed in the fall. 
Two colonies were found, and from one of these Mr. Brues succeeded in 
rearing several of the imaginal flies. These measure 2 mm. in length, are 
black with yellowish brown legs and antennae and clear, hyaline wings. 
As yet M, pachycondylce is the only known North American species of the 
genus. 

It is not difficult to imagine the circumstances under which the Metopina 
hatches and manages to lay its eggs in the same or other Pachycondyla nests. 
Undoubtedly the ant is the first to hatch and to leave the cocoon. Now 
very soon after this occurs, the useless cocoon is always carried by a worker 
and placed on the refuse heap, which in the natural nest is often almost 
entirely made up of the empty cocoons of from one to several broods of ants, 
and lies in a rather dry and well-ventilated spot immediately beneath the 
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stone covering the nest. Along with the cocoon is carried the Metopina 
puparium still adhering to the wall at its unopened posterior end. Thus 
after a privileged existence as free pensioner and bedfellow to a generous 
host, it is unwittingly carried away in the worn-out bedclothes and consigned 
to the family rag pile. Here the small and very active Dipteron liatches, 
leaves by the wide-open front door of the cocoon, and, after mating, either 
returns to lay a few eggs in the galleries of its former host, or flies away to 
oviposit in some other Pachycondyh nest. Thus the simple fact that the 
Metopina hatches later than the ant renders it unnecessary for the fly to 
possess some peculiar means of perforating the tough wall of the cocoon, 
and also accounts for the position of the puparium in the posterior pole, 
where it would be completely concealed from the w’orkers even after the 
escape of the callow ant. 

In conclusion attention may be directed to certain particulars of special 
interest in connection with the life hislory of the Pachycondyh commensal: 
First, the peculiar habits of the Phorid show clearly that the Ponerinc method 
of feeding the larvfe with comminuted insects is not only the typical but the 
only method employed by these ants, for such a commensal would certainly 
starve if tht‘ Pachycondyh larvae were carefully fed like the larvje of Cam- 
ponotns and Formica, by regurgitation of liquid from the mouths of the 
workers. The Phorid profits' by a peculiarity in the behavior of its host, 
and thereby demonstrates — by one of Nature’s experiments — that Pachy¬ 
condyh harpax does not feed its young by regurgitation. Second, in the 
peculiar symbiotic relationship existing between the Phorid and the ants, 
the adaf)tations are all on the side of the former, whereas the latter pursues 
its ancient and well-established mode of life uninfluenced by and aj)parently 
in complete ignorance of the very existence of its little guests. Even the 
distortion of the cocoon may be entirely due, as I have suggested, to the 
activity of the Metopina. '’riu\se strikingly unilateral adaptations are prob¬ 
ably to be explained on the ground that the Phorid is so careful and con¬ 
servative of the life and w^elfare of its host. ^J'hc small amount of food 
consumed by the little commensals can hardly be a serious drain on the pro¬ 
visioning instincts of the Poneriiue, at least under ordinary conditions. The 
larva* bearing the commensals were certainly as large and healthy as any 
others in the nest, and produced perfectly normal pupfe, which in the cases 
obser\^ed all lacked the imaginal disks for the wings and were therefore of 
the worker type. 

IJanuary, 1907.] 
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PART II. CONCERNING THE POLYMORPHISM OF ANTS. 

There is a sense in which the term polymorphism is applicable to all 
living organisms, since no two of these are ever exactly alike.^ But when 
employed in this sense, the term is merely a synonym of ‘variation’, which 
is the more apt, since polymorphism has an essentially morphological tinge, 
whereas variation embraces also the psychological, physiological, and etho- 
logical differences between organisms. In zoology the term polymorphism 
is progressively restricted, first, to cases in which individuals of the same 
species may be rec'ognized as constituting two or more groups, or castes, 
each of which has its own definite characters or complexion. Second, the 
term is applied only to animals in which these intraspecific groups coexist in 
space and do not arise through metamorphosis or constitute su(‘ccssive 
generations. Cases of the latter description are referred to ‘alternation of 
generations’ and ‘seasonal polymor|)hism.’ And third, the intraspecifie 
groups which coincide with the two groups of reproductive individuals 
existing in all gonochoristic, or separate-sexed INTetazoa are placed in the 
category of ‘sex’ or ‘sexual dimorj^hism.’ There remain therefore as 
properly representing the phenomena of polymorj^hism only those animals 
in which characteristic intraspecific and intrasexual groups of individuals 
may be recognized, or, in simpler language, those species in which one or 
both of the sexes appear under two or more distinct forms. 

As thus restricted polymorphism is of rare occurrence in the animal 
kingdom and may be said to occur only in colonial or social species, where 
its existence is commonly attributed to a physiological division of labor. It 
attains to its clearest expression in the social insects, in some of which, like 
the termites, we find both sexes equally polymorphic, while in the others 
like the ants, social bees, and wasps, the female alone, with rare exceptions, 
is differentiated into distinct castes. This restriction of polymorphism to- 
the female in the social Hymenoptera, with which we are here especially 
concerned, is easily intelligible if it be traceable, as is usually supposed, to a 
physiological division of labor, for the colonies of ants, bees, and wasps are 
essentially more or less pennanent families of females, the male representing 
merely a fertilizing agency temporarily intruding itself on the activities of the 
community at the moment it becomes necessary to start other colonies. We 
may say, therefore, that polymorphism among social Hymenoptera is a phy¬ 
sical exj)ression of the high degree of social plasticity and efficiency of the 
female sex among these insects. This is shown more specifically in two 

» The term is used in this sense by Waxweiler, for example, in his admirable ‘Esquisse d’une 
Sociologies Brussels, 1906, pp. 141"143. 
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characteristics of the female, namely the extraordinary intricacy and ampli¬ 
tude of her instincts which are thoroughly representative of the species, and 
her ability to reproduce parthenogenetically. This, of course, means a 
considerable degree of autonomy even in the reproductive sphere. But 
parthenogenesis, while undoubtedly contributing to the social efficiency of the 
female, must be regarded and treated as an independent phenomenon, 
without closer connection with polymorphism, for the ability to develop 
from unfertilized eggs is an ancient characteristic of the Hyinenoptera and 
many other insects, which made its appearance among the solitary species, 
like the Tenthredinida* and C^yiiipidoe, long before the development of social 
life. Moreover, polymorphism may occur in male insects which, of course, 
are not parthenogenetic. i'liat ])arthenogenesis is intimately connected with 
sexual dimorphism, at least among the so(‘ial Hyinenoptera, seems to be 
evident from the fact that the males usually if not always develop from unfer¬ 
tilized, the females from fertilized eggs. 

While the bumble-bees and the wasps show us tlie incipient stages in the 
development of polymorphism, the ants as a group, with the exception of a 
few parasitic genera that have secondarily lost this character, are all com¬ 
pletely [)olymorphic. It is conceivable that the development of different 
castes in the female may have arisen independently in each of the three 
groups of social Ilymenojitera, although it is ec^ually probable that they 
may have inherited a polymorphic tendency from a common extinct ancestry. 
On cither hypothesis, however, w’e must admit that the ants have carried 
the development of female castes much further then the social bees and wasps, 
since they have not only produced a w ingless form of the w^orker, in addition 
to the wunged female, or queen, but in many cases also two distinct castes 
of work(‘rs known as th(^ worker proper and tlie soldier. Some systematists 
have, therefore, appropriately separated them from all other Hymenoptera 
as ‘Ileterogyna.^ 

Diffenuit authors have framed very different conceptions of the phyloge¬ 
netic beginnings of social life among the Hymenoptera and consequently also 
of the phylogenetic origin and development of polymorphism. Thus Her¬ 
bert Spencer evidently conceived the colony as having arisen from a con¬ 
sociation of adult individuals. I infer this from his remarks on the origin 
of the amazon colony in his well-known reply to Weismann: ^ “Some variety 
of them [the amazon ants] led to sw^arm — probably at the sexual season — 
did not disperse again as soon as other varieties. Those wdiich thus kept 
together derived advantages from making simultaneous atta(*ks on ]:)re}’ 
and prospered accordingly. Of descendants the varieties which c*arried 


1 A Rejoinder to Professor Weismann. Contemp. Review, Sept. 1893, p. 14. 
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on longest the associated state prospered the most; until, at length, the 
associated state became permanent. All of which social progress took 
place while there existed only perfect males and females.Although 
Spencer is particularly unfortunate in selecting a parasitic ant like the 
amazon {Polyergus rufescens) on which to hang his hyj)othesis, there are a 
few facts which would seem to make his view applicable to other social 
Hymenoptera. Fabre ^ once found some hundreds of a species of solitary 
wasp {Ammophila hirsuta) huddled together under a stone on the summit 
of Mt. Ventoux in the Provence at an altitude of about 5,500 feet, and Forel ^ 
found more than fifty dealated females of Formica rufa under similar con¬ 
ditions on the Simplon. I liave myself seen collections of a large red and 
yellow Ichnemrum under stones on Pike’s Peak at an altitude of more than 
13,000 feet, and a mass of about seventy dealati‘d femjiles of Formica fusca 
var. gnava Buckley apparently Inlx^rnating aft<M- the nuptial flight under a 
stone near Austin, Texas. 1 atn convinced, howevtT, that such congrt'ga- 
tions are either entirely fortuitous, esj)ecially where the insects of on<‘ species 
are very abundant and there are few available stones, or, that they are, as 
in tlie case of F. rufa and gnava, merely the result o^‘ liighly developed social 
proclivities and not a manifestation of such })roclivities in process of (J(‘velop- 
ment. 

A very difterent view from that of Spencer is adopted by most authors. 
They regard the insect society as having arisen, not from a chance concourse 
of adult individuals but from a natural affiliation of mother and offspring. 
This view whicli has been elaborated by IVlarshall ^ among others, })resents 
many advantages oviu* that of SjienctT, not the least of which is its agreement 
with what actually occurs in the founding of the existing colonies of wasps, 
bumble-bees and ants. These colonies ])ass through an ontogenetic stage 
which has all the a])})earance of repeating the conditions under which 
colonial life first made its appearance in the phylogciu'tic history of the 
species — the solitary mother insect rearing and affiliating her offspring 
under conditions which would seem to arise naturally from the breeding 
habits of the nonsocial Hymenoptera. The excejitional methods of colony 
fonnation seen in the swarming of the honey bee and in the temporary and 
permanent j)arasitism of certain ants, are too obviously secondary and 
comj)aratively recent developments to require extensive comment. The 
bond which held mother and daughters together as a community was from 
the first no other than that which binds human societies together — the bond 


* Souvenirs Entornologiqiies. I, 3 ed., 1894, pp. 187, 188, 196 et scq. 
2 Fonrmis de la Suisse, p. 257. 

* JLeben aiui Trieben der Aineisen. Leipzig, 1889, pp. 3-6. 
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of hunger and affection so beautifully described in the famous lines from 
Schiller s ‘‘ Die Weltweisen ** : 

Einstweilen, bis den Bau der Welt 
Philosophic zusammenhalt, 

Erhali sie [Natur] das (letriebe, 

Durch Hunger nnd durch Liebe. 

The daughter insects in the primitive colony became dependent organisms 
as a result of two factors: inadequate nourishment and the ability to pupate 
very prematurely. But this very ability seems to have entailed an incom¬ 
pleteness of imiiginal structure and instincts wdiich in turn must have con¬ 
firmed the division of labor and thus tended to perfect the social organization. 
Before further discussing the problems suggested by this view of the 
origin of the colony and the general subject of polymorphism, it will be 
advisable to pass in review the series of diliVrent })hascs known to occur 
among ants. I'liis review will be facilitated by consulting the diagram on 
Plate VJ, in which I have endeavored to arrange the various phases so as to 
bring out their morphological relations to one another. The phases may 
be divided into two main groups, the normal and the pathological. In the 
diagram the names of the latter are printed in italics. The normal phases 
may again be divided into primary or typical, and secondary or atypical, the 
former comprising only the three original phases, male, female, and worker, 
the latter the remaining phases, which, however, arc far from all having the 
same status or frequency. The three typical phases are placed at the angles 
of an isos<*cles triangle, the excess developments being placed to the right, 
the defect developments to the left, of a v(‘rtical line passing through the 
middle of the diagram. The arroAVs indicate the directions of the affinities 
of tilt' secondary jihases and suggest that those on the sides of the triangle are 
annectant, whereas those which radiate outward from its angh's represent 
the new’ departure's witJi exet'ss and defect characters. * 

1. The Typi(\4l, Atypical and Pathological Phases of Ants. 

(1) The male (aner) is far and away the most stable of the three typical 
phases which are found in all but a few monotypic and parasitic genera of 
ants. This is best showm in the general uniformity of structure and colora¬ 
tion which characterize this sex in genera whose female forms (workers and 
queens) am widely different; e. 7., in such a series of cases as Myrmecia, 
Odontommhus, Cryptocerus, Formica, Pheidole, etc. In all of these genera 
the males are very similar, at least superficially, whereas the workers and 
females are very diverse. The body of the male ant is graceful in form, 
one might almost say emaciated. Its sense-organs (especially the eyes and 
antennae), wings and genitalia are highly developed; its mandibles are 
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more or less undeveloped and in correlation with them tlie head is por- 
tionally shorter, smaller and rounder than in the females and workers of 
the same species. Even when the latter phases have brilliant or metallic 
colors, as in certain species of Macromhcha and Eetatomma, the males are 
uniformly red, yellow, bro'vC^n or black. Yet notwithstanding this monotony 
of structure and coloration, the male type may present the following inter¬ 
esting modifications. 

(2) The macraner is an unusually large form of male which occasion¬ 
ally occurs in populous colonies. 

(3) The mifraner, or dwarf male, differs from the typical form mei^ely in 
its smaller stature. Such forms often arise in artificial nests. 

(4) The dorylaner is an unusually large male form peculiar to the 
driver and legionary ants of the subfamily Dorvlinte {Dorylus and Krifnn), 
It is characterized by its large and peculiarly modified mandibles, long 
cylindrical gaster and singular genitalia. It may be regarded as an aberrant 
macraner that has come to be the typical male of the Dorylinae. 

(5) The ergaianer, ergatomorphic, or ergatoid male resembles the 
worker in having no wings and in the structure of the antenme. It occurs 
in the genera Ponera, Formieoxenvs^ Symniyrmiva^ and Cardiocondyla. 
In certain species of Pomra (P, pvnctafissrma and ergafandria) and in 
Formicoxenus nitidulus the head and thorax arc surprisingly worker-like, 
in other forms like Symmyrmiea chamherlini these parts are more like those 
of the ordinary male ant, while P. eduardi shows a more intermediate devel¬ 
opment of the head with a worker-like thorax. Forel,^ has recently shown 
that the ergataner may coexist with the aner, at least in one species of Po- 
nera (P. eduardi Forel). In other words, this ant has dimorphic males. 

(6) The gyuTcaner, or gyn8P(‘omor}ihic male occurs in certain parasitic 
and workerless gtmera {Anergaies and Epcrcus) and resembles a female 
rathe;* than a worker form. The male of Aner gates is wingless, but has 
the same number of antennal joints as the female. In Epaxiis both sexes 
are very much alike and both have 11-12-jointed antennse.^ 

(7) The phthisaner is a pupal male which in its late larval orsemipupal 
state has its juices partially exhausted by an Orasema larva. This male is 
too much deplete<l to pass on to the imaginal stage. The wings am sup¬ 
pressed and the legs, head, thorax, and antennte remain abortive. 

(8) The female (gyne), or queen, is the more highly specialized sex 
among ants and is characterized, as a rule, by her large stature and the 
more unifonn development of her organs. The head is well developed and 


' TaTn()n)liisrne du MAlo clifz les Fourmis. Ann. Sor. Ent. Beig:., XLVIII 1904 
2 For an account of the crRatandric and gyiiaecandric forms see Emerv.’‘Zur *Kcnnf 
des Polyinorphlsmus der Ameisen,' Biol. Ceiitrulhl., XXVI, 1906, pp. 624-630 4 figs ^ 
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provided with moderately large eyes, ocelli, and mandibles; the thorax is 
large (macronotal) and presents all the sclerites of the typical female 
Hymenoptcron; the gaster is voluminous and provided with well developed 
reproductive organs. The wings and legs are often relatively smaller than 
in the male. 

(9) The macrogyne is a female of unusually large stature. 

(10) The rnwrogyney or dwarf female, is an unusually small female 
which in certain ants, like Formiea m,icrogyna and its allies, is the only 
female of the species and may be actually smaller than the largest workers. 
In other ants, like certain species of Leptothora,r and Myrrnlca microgynes 
may sometimes coexist in the same nests with the typical females. 

(11) The ^-female is an aberrant form of female such as occurs in 
Lasius latipeSy either as the only form or coexisting with tl)e normal female 
which is then called the a-female. In this case, therefore, the female is 
dimorphic. The ^-female is characterized by excess developments in the 
legs and antenna? and in tlie pilosity of the body. 

(12) The rrgatogynp, ergatomorj^hic, or ergatoid female, is a worker¬ 
like form but with large eyes, o(‘elli, and a thorax more or less like that of 
the female, but without wings. Such females occur in a number of species 
of ants. They have been seen in Myririeciay OdonfomachiiSy AnocheiiiSy Po- 
nerUy Polyergm, Lepijothorax, Monomorinmy and Cronastogaster, There is 
nothing to prove that they are pathological in origin. In fact, in Mono- 
mxmum fiorioola and certain species of AnoeluUus they seem to be the 
only existing females. In other cases, like Ponera eduardiy as Forel has 
shown, they occur with more or less regularity in nests with normal workers. 
They occur also under similar conditions in colonies of the cin’umpolar P. 
coarctatOy and probably also among other species of the genus. 

(13) The dichthmliigync, or dichthadiiform female is peculiar to the 
ants of the subfamily Dorylime. It is wingless and stenonotal, destitute of 
eyes and ocelli, or with these organs very feebly developed, and with a 
huge elongated gaster and extraordinary, voluminous ovaries. 

(14) The pseudogyne has been sufficiently characterized in the pre¬ 
ceding pages as a worker-like form with enlarged mesonotum and some¬ 
times with traces of other thoracic sclerites of the female, but without wdngs 
or very rarely with wing vestiges. 

(15) The phthisogym arises from a female larva under the same con¬ 
ditions as the phthisaner, and differs from the typical female in the same 
characters, namely absence of wings, stenonoty, microcephaly and microph- 
thalmy. It is unable to attain to the imaginal instar. 

(16) The worker (ergates) is characterized by the complete absence of 
wings and a very small (stenonotal) thorax, much simplified in the structure 
of its sclerites. The eyes are small and the ocelli are usually absent or, 
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when present, extremely small. The gaster is small, owing to the undevel¬ 
oped condition of the ovaries. A receptaculum seminis is usually lacking, 
and the number of the ovarian tubules is greatly diminished.^ The antennae, 
legs and mandibles are well developed. 

(17) The gynwcoid is an egg-laying worker. It is a physiological 
rather than a morphological phase, since it is probable that all worker ants 
when abundantly fed become able to lay eggs. Wasmann^ observed 
in colonies of Formica rufibarhis that a few of the workers became gynaecoid 
and functioned as substitution queens. In colonics of the Ponerine genus 
Leptogenys (including the subgenus Lohopelta), and probably also in Dia- 
camma and Champsomyrmex, the queen phase has disappeared and has 
been replaced by the gynaecoid w’orker. 

(18) The rnacrergate is an unusally large worker form which in some 
species is produced only in populous or affluent colonies {Formica^ Lamus). 

(19) The mwrergatrj or dw^arf worker, is a w^orker of unusually small 
stature. It appears as a normal or constant form in the first brood of all 
colonics that are founded by isolated females. 

(20) 'l^'he dinrrgaU‘y or soldier is charac^terized by a huge head and 
mandibles, often adapted to particular functions (fighting and guarding the 
nest, crushing seeds or the hard parts of insects), and a thoracic; structure 
sometimes approaching that of the female in size or in the development of 
its sclcrites {Pheidole). 

(21) The desmergatc is a fonn intermediate betw’C'cn the typical worker 
and dinergate, such as w e find in more or less isolated genera of all the sub¬ 
families except the Poncrina*, c. g., in Camponotus, some species of Pficidole, 
Solenopsisj and Pogonoinyrmex, Aztccay JJoryliis, Ecitotiy etc. The term 
might also be employed to designate the intermediate forms between the 
small and large w orkers in such genera as Monomorlumy Formica, etc. 

(22) The plerergaie, ‘replete,’ or ‘rotund,’ is a worker which in its 
callow stage has acquired the peculiar habit of distending its gaster with 
stored liquid food (‘honey’) till this portion of the body is a large spherical 
sac and locomotion becomes difficult or even impossible. This occurs in 
the honey ants (some North American species of Myrmecorystus, some 
Australicin Melnphorns and Camponotvjf, and to a less striking extent in cer¬ 
tain species of Prenolcpbt and Plagiohpis). 

(23) The pierergafe is a worker or soltlier with vestiges of wings on a 
thorax of the typical ergate or dinergate form, such as I have described in 
certain species of Myrmica and Cryptocerus.^ 

1 Adleiz’s ofteii-citfd statement that the ovarian tubules are c-ompletely Jackiiii? in tlie 
workers of Tetrmnormm cccspitum seems to me to recjuire eonhrmation. ^’hese organs mav be 
easily overlooked tn dissecting such small ants. The study of stained sections of adult DUDal 
workers would probably yield more satisfactory results. 

2 Aineisenarheitermnen als Krsatzkbni^nnen, loc. cit. 

8 Worker Ants with Vestiges of Wings. Bull. Am. Mus. Nat. Hist., XXI, 1905, pp 405-408 

pi. XIV. ' ^ 
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(24) The mermithergate, which has been described in detail in the pre¬ 
ceding pages, is an enlarged worker, produced by Mermw parasitism and 
often presenting dinergate characters in the thorax and minute ocelli in the 
head. 

(25) The phthisergate, which corresponds to the phthisogync and 
phthisaner, is a pupal worker which in its late larval or semipupal stage has 
been attacked and partially exhausted of its juices by an OraseTna larva. It 
is characterized by extreme stenonoty, microcephaly and microphthalmy, 
and is unable to pass on to the imaginal stage. It is in reality an infra- 
ergatoid form, 

(20) The gynandrommph is an anomalous form in which male and 
female characters are combined in a blended or more often in a mosaic 
manner. 

(27) The ergatandromorph is an anomaly similar to the last but having 
worker instead of female characters combined with those of the male.^ 

2. Thk Views of Some Previous Authors on Polymorphism. 

In th<‘ir attempts to explain polymor])hism authors have not, of course, 
taken all of tlu? above eiiuuK'rated phases into consideration, but have been 
content to include only the ty{)ical and ])erhaps a few of the atypical and 
pathological phases. And it is clear that if the main phases (‘ould be ac¬ 
counted for, the rarer and less important deviations would present few dif¬ 
ficulties. I shall endeavor to show, however, that some of these singular 
forms may shed at least a few rays of light on the problem of polymor]>hism. 

The social insects have held an important place in discussions of evolution 
and heredity ever since Darwin called partic’ular attention to these animals 
in the eighth chapt(T of the ‘Origin.’ In later years they assumed even 
greater prominence in the controversies between the Neolamarckians and 
Neodarwinians concerning the efficacy of natural selection. This w^as 
unavoidable, for polymorphism would seem to be of such a nature as to 
afford a test of the validity of any hypothesis bearing on the inheritance or 
noninheritance of acquired characters as w^ell as of any hypothesis concern¬ 
ing the r6le of preformation, or epigenesis, in the development of organisms. 
As it will be impossible in this place to present a detailed history of the 
subject or to dw ell on all its wider implications, I shall confine myself mainly 
to the views which were championed by Weismann and Herbert Spencer 
respectively in their well-known controversy in the ‘Contemporary Review’, 


' For an account, of the known of this and the preceding anomaly among ants see my 
paper: ‘Some New Gynandomorphous Ants, with a Heview of the Previously Described Cases'' 
6W. Am. Mus. Nat. Hist.. XIX, 1903, pp. 663-683, 11 figs. 
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and have been maintained with more or less modification by zoologists 
down to the present time.^ 

In order to make his explanation of polymorphism conform with the 
remainder of his hypothesis of heredity, Weismann is compelled to assume, 
not only a set of germ-plasmic determinants for each of the sexes in ordinary 
sexual dimorphism, but a double set for the female in the social Hymenoptera 
and a double set for each sex in the termites. At least four sets must also 
be postulated for ants with differentiated worker and soldier castes. This 
is evident from the following quotation: 

‘^So w^hen instead of dimorphism, there is polymorphism, when, for 
instance, the females of a species are similarly distinguished among them¬ 
selves, and occur in two forms, this results, according to my idea, from the 
double determinants becoming triple detenninants. If there were workers 
among the butterflies, and if these showed red color on the part of the wing 
that is blue in the male and brown in the female, there would always be three 
representative determinants present at a definite jmrt of the extremely 
(daborate and highly complicated germ-})lasm; but only one of these would 
become active during the development of the egg and sperm-cell concerned, 
and would produce the patch of brown or blue or red scales in the wing. 

‘^According to this theoretical representation, every part of the body 
that is differently formed in the males, females and workers is represented 
in the germ-plasm by three corresponding determinants but in the develop¬ 
ment of the eggs, never more than one of these attains to value — i. e.y gives 
rise to the part of the body that is represented — and the others remain 
inactive. 

‘‘Thus, then, the metamorphosis of the body }>arts of the workers f)f ants 
and bees will have to be considered in connection with the fact that the males 
and females whose germ-j)lasm contains favorable variations of the deter¬ 
minants of the workers have a better j>rospect for the maintenance of their 
successors than others which showed less favorable variations of such 
determinants. The process of selection is the same as if the matter at issue 
were the attainment of favorable adaptations in the body of the sexual forms; 
for in both cases it is, as I have once before said, not really the body that is 

The papers called fortli by tins controversy are here cited in the order of their publication 
Spencer: ‘The Inadequacy of “Natural SelectionConteinp. Rev., Feb. and March, 1893, 
pp. 153-166, 439“456; ‘Professor WVismarin’s Theories,’ ihui , May, 1893, pj). 74.3-760; Weis- 
iriann. ‘The All Hutficiency of Natural Selection,’ ibid.. Sept., 1893, pp 309-338; Spencer: 
‘A Rejoinder to Professor Weismann,’ tbid., Dec. 1893, pp. 893-912: ‘Weismannism Once 
More.’ ibid., Oct. 1894, pp. 592-608. Weismann has also repeated or elaborated his views on 
the polvmorphism of the social insects in the followiiier works: ‘ Das Keimplasma. Kine 3'heorie 
der Veferbunpr.’ Jena, Gu.stav Fischer, 1892, pp. 494-498; ‘The EfTi'ct of External Influences 
upon Development,' Romanes Lectuie, London, Henry Frowde, 1894, ])p. 29-48: and ‘ Vortrage 
liber Descendenz-theone,’ Jena, Gustav Fi.scher. 2 Bd. pj). 101-118. For an aftermath of the 
Spencer-Weisrnanu controversy see also the discussion of the subject in ‘ Natural Science,’ IV, 
1894, by Ball (Neuter Insects and Lamarckism, pp. 91-97), and Cunningham (Neuter Insects 
and Darwinism, pp. 281-289). 

» The All-Sumciency, etc., loc. cit., pp. 326, 327. 
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selected, but the germ-plasm from which the body develops. The difference 
is this: in the one case the survival in the struggle for existence depends on 
characters and variations of the body of the individual; in the other, only 
on the character of a certain kind of descendant — the worker. If the ant 
state were composed of individuals connected together like a colony of poly¬ 
pes or Siplumopliorw, a process of selection by which only the workers w^ere 
changed would be within easier reach of our imagination, as these would 
then, in a manner, be only organs, just like the snaring-threads, the swim¬ 
ming bells, and the gastric tubes of the Slplwrwphoroe, As these do not 
reproduce, and accordingly can only vary by selection of the egg or germ- 
plasm from w hich the whole colony is formed, so in the case of the ant-colony, 
or rather state, the barren individuals or organs are metamorphosed only by 
selection of the germ-plasm from which the whole state proceeds. In respect 
of selection the whole state beliavtis as a single animal; the state is selected, 
not the single individuals; arid the various forms behave like the parts of one 
individual in the course of ordinary selection.” 

It must be admitted that this hypothesis is boldly and clearly conceived 
and its author’s knowledge of myrme(‘ology and melittology is only surpassed 
by the adroitness with which he compells the facts to tally w ith his assump¬ 
tions. Now here in Weismann’s work are both the strength and the w^eak- 
ness of his elaborate architectonics of the germ-plasm more apparent than in 
this attem]>t to explain the complicated and adaptively correlated organi¬ 
zation of the sterile w^orker as the result of a single mechanical factor, natural 
selection, acting on constellations of fortuitous determinants in the germ- 
plasm of the fertile female. 

Spencer, too, seeks a mechanical explanation of the ])urposeful adapta¬ 
tions of the w^orker, though this is utterly at variance wdth the fundamental 
teleological spirit of the Lamarckian view^ which he elsewhere advocates. 
He starts out with the social wasps (Vespa), some species of which present 
an uninterrupted series of transitional forms between the small sterile 
worker and the large fertile female, or queen. He calls attention to the 
abundant evidence to show’ that these arise progressively and in close depend¬ 
ence on the food su[)})ly of the colony, so that the sterility and (hvarfing of 
the workers are manifestly caused by insufficiency of food during their larval 
stages. He then proceeds to extend this same explanation to the ants, 
although these inse(‘ts differ from the wasps in presenting great morj:)hologi- 
cal differences between the w’orkers and females. After considering the 
African driver ants which have highly polymorphic w’orkers, he goes on to 
say: “In contrast with this interpretation, consider now that of Professor 
Weismann. From whichever of the two possible suppositions he sets out, 
the result is equally fatal. If he is consistent, he must say that each of these 
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intermediate forms of workers must have its special set of ‘determinants,^ 
causing its special set of modifications of organs; for he cannot assume that 
while perfect females and the extreme types of workers have their different 
sets of deterniinants, the intermediate tyj)es of workers have not. Hence„ 
we arc introduced to the strange conclusion that besides the markedly 
distinguished sets of determinants there must be to produce these interme¬ 
diate forms, many other sets slightly distinguished from one another — a 
score or more kinds of germ-plasm in addition to the four chief kinds [namely 
for the male, female, soldier, and worker]. Next comes an introduction to 
the still stranger conclusion, that these numerous kinds of germ-plasm, 
producing these numerous intermediate forms, are not simply needless but 
injurious — produce forms not well fitted for either of the functions dis¬ 
charged by the extreme forms: the implication being that natural selection 
has originated these disadvantageous forms! If to cs(*a])e from this necessity 
for suicide Professor Weismann acc(*pts the inference that the differences 
among these numerous intermediate forms are caused })y arrested feeding 
of the larvte at different stages, then he is bound to admit tliat the differences 
between the extreme forms, and between these and perfect fcmiales, are 
similarly caused. But if he docs this, what becomes of his hy[)othesis that 
the several c'astes are constitutionally distinct, and rc'sult from tlu‘ operation 
of natural selection ? Observe too that his theory doevs not e\'en allow him 
to make this choice; for we have clear proof that unlikenesses among the 
forms of the same species cannot be determined this way or that way by 
differences of nutrition. English greyhounds and Scotch greyliounds do 
not differ from one another so much as do the Amazon-workers [soldiers] 
from the inferior workers, or the workers from the (preens. But no matter 
how a pregnant Scotch greyhound is fed, or her pups after they are born, 
they cannot be changed into English greyhounds: the diflVrcnt germ-f)lasms 
assert themselves sjute of all treatment. But in these social insects the 
different structui’es of queens and workers are determinable by differences 
of feeding. Therefore the production of their various castes does not 
result from the natural selection of varying germ-plasm.’^ 

If we omit the portion of Spencer’s argument in which he postulates the 
dystelcological character of the intermediates, or desmergat(is, as I have 
called them — a probably erroneous assumption, since there is every reason 
to believe that individuals embodying varying combinations of the worker 
and soldier traits may be just as useful to the colony as the soldiers and 
workers themselves — the position taken in the above quotation seems to be 
unassailable. But when Spencer comes to deal with the crucial problem, 
namely the marvelous, purposeful coadaptation of organs in the sterile 
workers, he fails as signally as Weismann, for no one familiar with the habits; 
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and taxonomy of ants can regard his attempts to trace such specialized 
structures and instincts as those of the amazon slave-makers {Polyergus) 
to inherited presocial acquirements as seriously invalidating Weismann’s 
argument. As I shall show in the sequel, however, Spencer presents a 
vague adumbration of facts which have since come to light and easily dis¬ 
pose of the portion of Weismanrrs argument relating to the amazons. 

Weismann mturns to the charge in his Romanes lecture and asserts that 
he cannot look upon Spcncer\s view ‘‘as a correct one in the sense implied. 
It is certainly true that l>ces have it in their power to cause a larva to become 
a queen or a worker according to the manner in which they feed it: it is 
equally true of all animals that they reproduce only feebly or not at all when 
badly and insufficiently nourished: and yet the poor feeding is not the 
cavsa rffirlens of sterility among bees but is merely the stimulus which not 
only results in the formation of rudimentary ovaries^ but at the same time 
calls forth all the other distinctive characters of the icorhers. It appears to 
m(‘ to be doubly incorrect to look upon the poor nourishment as the actual 
cause; for such a view not only confuses the stimulus with the real cause, 
but also fails to distinguish between an organ that becomes rudimentary 
and one that is imperfectly developed. INIoreover the fact is overlooked 
that the ovaries of the workers are actually rudimentary organs: a great 
j)roportion of their really essential parts have disa])pearcd, while only a 
small remnant is retained.” 

Weismann goes farther and maintains that he has disproved Spencer^s 
view experimentally. He rean‘d two lots of blow-fly larvie {Mnsca vomi- 
toria), one on poor the other on abundant food, and obtained imaginal 
fli<*s differing greatly in she bul with the reproductive as well as the other 
organs normally developed <'ven in the smallest individuals. The latter on 
being well fed, mated and })roduced normal young. He concludes as 
follows from this experiment: “By comparing the result of this experiment 
with the known facts as to bees, the difference in the behavior of the two 
organisms is made clear. In the case of bees a distinct degeneration of the 
ovaries and various accessory organs of n^production takes place in conse¬ 
quence of poor nourishment, while in flies the whole reproductive apparatus 
is formed quite as perfectly when the nourishment of the larva is deficient 
as when it is ample. There is even no delay in the maturing of the eggs, 
as shown by the fact that the first batch was laid at exactly the same time 
as in the case of the flics arising from normally fed larvte. 

“It might, however, be said that flies and bees are very different organ¬ 
isms, and therefore react differently to external influences. This is quite 
true, and is exactly what I wish to be acknowledged. My experiments 
with the flies were merely meant to show that all insects, even though they 
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may resemble bees in some respects, do not react in a similar way to the 
bee to meagreness of nutrition, and that accordingly ihvi mode of reactwn 
is a cJuiracteristic of bees: — it is a new accjuisition, and was not possessed 
by the ancestors of these insects/’ 

The views of the more active European myrmecologists, Emery, 
Escherich, Ford and Wasmann, are in close accord with those of Weismann, 
but there are some significant departures, especially in Emery’s view, which 
approaches that of Spencer. Emery gives this summary of his position in 
a paper on the origin and dtwelopment of the worker among ants:^ “The 
theory which 1 have attein{)tcd to carry out in hypothetical form, is based 
on the assumption, that the })rodiiction of the worker dt'pcnds on the in¬ 
stinctive art of breeding workers, and that the origin of the worker caste 
is to be attributed more to a difference in tlie quality, the differentiation of 
several kinds of workers mor(‘ to the quantity of the food. From the latter 
process 1 would not, of course, exclude the possible play of qualitative 
factors; their intervention is, indeed, probable in specific eases, such as, 
e. g., in the Melissofarsus beccariij which 1 have described, and which has 
two kinds of workers of the same size but with heads of a different form. 

T/t>e peculiarities in which tJee workers differ from the corresponding 
sex'ual forms are, therefore^ not innate or bJasiogenie, but acquired^ that is 
somatogenic. Nor are they transmitted as such, but in the form of a pecul¬ 
iarity of the germ-plasm that enables this substan(‘c to take different devel¬ 
opmental paths during the ontogeny. Such a peculiarity of the germ may 
be compared with the hereditary predisposition to certain diseases, whuih 
like hereditary myopia develop only under certain conditions. The eye 
of the congenitally myopic individual is blastogenetically predisposed to 
short-sightedness, but only becomes short-sighted when tlie accommodation 
apparatus of the eye has been overtaxed by continual exertion. Myopia 
arises, like the peculiarities of the worker ants, as a somatic; affection on a 
blastogenic foundation. 

'‘With this assumjition the problem of the development of workers seems 
to me to become more intelligible and to be brought a step nearer its solution. 
The peculiarities of the Hymenoptera workers are laid down in every female 
egg; those of the termite workers in every egg of either sex, but they can 
only manifest themselves in the presence of specific vital (conditions. In 
the phylogeny of the various species of ants the worker peculiarities are not 
transmitted but merely the faculty of all fertilized eggs to be reared as a 
single or several kinds of workers. The peculiar instinct of rearing workers 


»Die Entstehung uml .\usl)ildung des Arbeiterstandes bei den Ameisen. Biol. Centralbl.. 
XIV, 1894, pp. 58, 59. 
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is also transmitted, since it must be exercised by the fertile females in 
establishing their colonies."*^ 

In other words, Emery supposes that the germ-plasm of tlie social insects 
is characterized by a peculiar sensitivity which makes it amenable to the 
different influences to which it is subjected in the fostering environment of 
the colony. This view, as I shall endeavor to show in the concluding para¬ 
graphs of this article, is worthy of more attention than it has received. It 
was rejected by Weismann in his Romanes lecture on the ground that typical 
organs like the wings, ovarian tubules, spermatheca, etc. could not dis¬ 
appear from the worker by any ontogenetic, but only by a phylogenetic 
process, but his argument is based on what is known to occur in other ani¬ 
mals and necessarily fails to apply to animals which, like the social Hyinen- 
optera, seem to he unique in presenting the very conditions Emery has 
been trying to explain. 

Wasmann ^ accepts Weismanii's view of the determinants and the function 
of nutrition as a mere stimulus, but he rejects his view that natural selection 
alone can account for the adaptive structures and instincts of worker ants. 

Forel in his ^Fournis de la Suisse’ (p. 440, 441, nota) accepts the Dar¬ 
winian view of the origin of the worker caste by natural selection acting on 
a primitive differentiation of the female into fertile and sterile forms in the 
sphere of instinct before definite morphological differentiation sets in. In a 
recent paper ^ he is inclined to side with Weismann and to lay considerable 
stress on the effects of natural selection and the struggle for existence in 
producing variation and polymoqihism as opposed to the internal factors. 

Escherich,^ has given a valuable review of the subject of polymorphism 
among ants, without, however, clearly defining the general issues. His 
own view is apparently in complete accord with that of Weismann. 

Marchal, as the result of his splendid work on the habits of the social 
wasps,® has given the following suggestive discussion of polymorphism along 
the lines suggested by Spencer and Emery: ‘‘At the beginning of the social 
state the infertility of the first brood of progeny produced by the mother 
gradually became established. This infertility was the result of the 
necessarily insufficient nouri^shment distributed by the queen among her 
too numerous offspring, and the eggs in the ovaries of the young females 
could not mature, first, because the reserve substances (adipose tissue) 

^For a fuller account of Emery's views, see his article ‘ Le Polymorphisme des Fourmis et 
la Castration Alirnentaire ’ Comnt. Rend., 3me. Corigr. Inlernat. Zool., Leyde (Sept. 1895). 
1896. pp. 395-407. 

* Die ergatogynen Formen, etc., lor. c\t , p. 638. 

* Ueber Polymorphismus und Variation bei den Ameisen. Zool. Jahrb , Huppl., VII, 1004. 
pp. 571-586. 

* Die Ameise. Schildenmg ihrer Lebensweise. Braunschweig, 1906, pp. 45-54. 

* La Reproduction et V Evolution des Gufipes Sociales. Arch. zoOl. Exp6r. et G6n., 3. ser., 
IV, 1896, pp. 1-100, 8 figs. 
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stored up in the larva were insufficient, and second, because immediately 
after hatching, the young females had to devote themselves to the care of 
the numerous larval colony, and especially to the function of nursing^ which, 
as we have shown experimentally, prevents the maturation of the eggs. 
The mother being relieved of the care of feeding the larvce and having 
over the workers the advantage of ovaries swollen with eggs, while the other 
females at the time of hatching contained only immature germs, continued 
to lay to the exclusion of the other females, whose nutricial functions kept 
them in a condition of sterility. 

‘'At the end of the year, however, owing to the greater length of the 
imaginal than of the larval period, and also on account of the diminution 
in the egg laying of the queen or owing to her disappearance, the adult 
colony came to surpass the larval colony sufficiently in numbers to permit 
the later broods to receive and store up the reserve food which is indispensable 
to the maturation of the eggs. Hence these lat(‘r broods alone would be 
able to hibernate and reproduce the species during the following spring. 
Only these individuals, therefore, should be regard(‘d as ri^presenting the 
stirp from which all the future individuals proceed, the others being naturally 
eliminated from the gen(‘alogical tree. 

“This single fact, namely, that only the individuals reared at the end of 
the season participate in the direct lineage of the different generations, suf¬ 
fices to account for a modification in the germ-plasm of the sjiecies; for 
without even adduchig the specific insfinciive dispositlo 7 )s whic^h would later 
be acquired by natural s(‘lection, the conditions of nurture, and in jiarticular 
those of nourishment, which control the development of the animal till the 
<‘nd of the year, depart from the mean of the variable conditions of nurture 
to which the evolving prcsocial insect was submitted. Imder the influence 
of this modification acting as external conditions, constantly and always in 
the same manner, a new physicochemical constitution of the germ-plasm 
must necessarily arise and a new direction of development be opened up, 
namely, that which leads to the queen type. 

“If the preceding theory be granted, the i*ealization of the worker type 
becomes equally comjirehensiblc. As long as there is no perceptible varia¬ 
tion in the constitution of the germ-plasm, the worker will differ from the 
queen only in slight quantitative morphological variations, depending essen¬ 
tially, as we have demonstrated, on the phenomena of nutrition. This is 
the case in Pohstes and less obviously in certain species of wasps (Vespaf) 
which present an uninterrupted series of forms connecting the worker and 
queen types. 

But as soon as a perceptible modification of the germ-plasm intervenes, 
matters cease to be the same. The egg laid by a queen in the spring, like 
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all the eggs which she lays, contains, of course, this germ-plasm which has 
been modified by the autumnal regime and therefore presents all its modi¬ 
fications. Now the conditions under which it is called upon to pursue its 
development are not the same as those of the autumn, to which its germ- 
plasm has been exclusively habituated during a veiy^ long series of genera¬ 
tions. This germ-plasm whose fixed constitution is adapted to a precise 
method of development in a given environment according to the queen 
tyj>e, and has been determined by the conditions to which it has been sub¬ 
jected for a great number of generations, finds itself in this particular egg 
suddenly emancipated from these modifying conditions and subjected to 
altogether new ones. What may we expect it to produce ? If the modifica¬ 
tions to which it finds itself submitted are too severe, it must perish; if, on 
the contrary, they are compatible with its evolution, it must proceed with 
its development as well as it can, like an animal (constrained to develop 
under abnormal conditions. It is evident that the latter alternative alone 
is to be considered, since the former would lead to the extinction of the 
species. Now it is easy to see that this second alternative is nothing more 
nor less than a case of experimental dichogenyy 

In a filter paper Marchal ^ aptly designates the suppression of the func¬ 
tional activity of the ovaries tlirough the nursing, or nutricial habits of the 
woikers as nnfririal castration. He has shown that by (‘liminating the 
queen from the Vespa colony as many as a third of the workers become 
fertile. A similar result is brought about by a suppression or merely by a 
teiiqiorary suspension of the egg-laying of the cpieen. This can be due, 
as he maintains, only to abolition of the nursing function and the appro¬ 
priation by the workers of the food which under normal conditions they 
would feed to the larva?. 

Marchal’s view differs from that of Weismann in postulating a homo¬ 
geneous germ-})lasm and in rej(‘cting representative units like the ids, 
determinants, etc. He regards the ‘‘differentiation^’ of the queen as due 
to the direct action of external conditions, especially of nourishment, and 
the differentiation of the w^orkers as belonging to a class of jilienomcna, 
which, if not essentially understood, are nevertheless knowm in their mani¬ 
festations, namely tcratogenesis and dichogenyP Although this vkwv is 
very similar to those of Spencer and Emery, the conception of nutricial 
castration seems to me to represent a valuable addition and I shall revert 
to it.2 

* La Castration Nutricial clioz Ics Hyineiiopterfts Sociaiix. Coinpt. Rend. See. Biol., T; 
Juin 1897, 2 pp. 

2 Nutricial castration (from nutrir, a nurse) must be distinguished from ' allmentarv castra¬ 
tion ' (Emery, Le Polyinorphisme, etc., lor. at.), althoupli both arc responsible for the infertility 
of the worker. Through alimentary castration the develoi^^ment of the reprotluctive organs i's 
inhibited in the larva and pupa, and this inhibition is ti|p;ntained in the adult by the strong 

[January, 1907'\ 5 
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The various extracts above quoted show very clearly that previous 
authors have been impressed by very different aspects of the complicated 
phenomena of polymor{)hism, and that each author has emphasized the as¬ 
pect which seemed the most promising from the standpoint of the general 
evolutionary theory he happened to be defending. Escherich has recently 
called attention to two very different ways of envisaging the problem; one 
of these is physiological and ontogenetic, the other ethological and phylo¬ 
genetic. As these furnish convenient captions under which to continue the 
discussion of the subject, I shall adopt them, and conclude with a third, the 
psychological aspect, which is certainly of sufficient importance to deserve 
consideration. 


3. The Ontogenetic and Physiological Aspects of Polymorphism. 

While the ontogeny of nearly all animals is a rej)etition or reproduction 
of the ontogeny of the parent, this is usually not the case in the social Hymen- 
optcra, since the majority of the fertilizi'd eggs do not give rise to queens 
but to more or less aberrant organisms, the workers. And as these do not, 
as a rule, reproduce, the whole phenomenon is calcuIatcHl to arouse the 
interest of both the physiologist and the embryologist. The former, con¬ 
centrating his attention on the n^actions of the animal to the stimuli 
proceeding from its environment, is inclined to study its later stages as 
determined by the reactions to such stimuli, without regard to any internal 
or hereditary [)redetermination or disposition, while the embryologist se(‘ks 
out the earliest moment at which the organism may be shown to deviate 
from the ontogenetic pattern of its parent. If this moment can be detected 
very early in the development he will be inclined to project the mor[)holog- 
ical differentiation back into the germ-plasm and to regard the efforts of 
the physiologist as relatively unimportant if not altogether futile. Now 
in his study of the social insects the embryologist is at a serious disadvantage, 
since he is unable to distinguish any prospective worker or queen characters 
in the eggs or even in the young larvje. Compelled, therefore, to restrict 
his investigations to the older larvae, whose development as mere proeess(\s 
of histogenesis and metamorphosis throws little or no light on the meaning 
of polymorphism, he is bound to abdicate and leave the physiologist in 
possession of the problem. 


niiraing msimcts wIikJj prevent Uie workers from appropriatinp much of the food supplv of the 
colony to their individual u^e In many of the higher animals also (birds, niamiiiaJs) reproduc¬ 
tion is inhilnteii by the evercise of the nutnclal function. A third metiiod of inhiuitin? or dL 
stroying thereproductu^* function is known to occur in the ‘ parasitic castration ' of certiTin he^a 
and wasps (Andrews, Pnlistes) by Htrepsiptera (Stylops, Xenoti, etc.), sl-e Perez Des Effels d^^i 
Parasitisine des Stylops sur les Apiaires dll Genre Andrena. Actes Roc Linn Rordenn 
40 pp. 2 pll. Westwood Notiie of Hie Occurrence of a Strep.sipU^ouriiis^ ^ Ama’ 
discovered in Ceylon by J Nietner. Trans. Ent. Roc. London (2). V. ISei pp 4l8-42m has also 

SjXiin'^cenm nietneri) v^hivh mall probability pVoduces thTs fS?m?f 
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The physiologist, in seeking to detennine whether there is in the envi¬ 
ronment of the developing social Hymenopteron any normal stimuluvs that 
may account for the deviation towards the worker or queen type, can hardly 
overlook one of the most important of all stimuli, the food of the larva. 
At first sight this bids fair grt*atly to simplify the problem of polymorjdiism, 
for the mere size of the adult insect might seem to be attributable to the 
quantity, its morphological deviations to the quality of the food administered 
to it during its larval life. Closer examination of the subject, however, 
cannot fail to show that larval alimentation among such highly specialized 
animals as tlie social insects, and especially in the honey-bees and ants, 
when' the differences between the queens and workers are most salient, 
is a subject of considerable complexity. In the first place it is evident that 
it is not the food administered that acts as a stimulus but the portion of it 
that is assimilated by the living tissues of the larva. In other words, the 
larva is not altogether a passive organism, conqx^lled to utilize all the food 
that is forced uf)on it, but an active agent capable, at least to a certain extent, 
of determining its own development. And the physiologist might have 
difficulty in meeting the assertion, that the larva utilizes only those portions 
of the proffered food which are most conducive to the specific predetermined 
trend of its development. In the second place, while experiments on many 
organisms have shown that the quantity of assimilated food may produce 
great (‘lianges in size or stature, there is practi(*ally nothing to show that 
even very great differences in the quality of the food can bring about morpho¬ 
logical differences of such magnitude as those which separate the queens 
and workers of many ants.^ 

I'liesc more general considerations are reinforc'ed by the following 
inferenc(*s from the known facts of larval feeding: 

1. There seems to be no valid reason for supposing that the morphogeny 
of the queens of the social Hymenoptera depends on a particular diet, since 
with the })ossible exception of the honey and stingless bees, to be considered 
presently, they differ in no essential respect from the corresponding sexual 
phase of the solitary species. In both eases they are the normal females 
of the s})ecies and bear the same morphological relations to their males 
quite irrespective of the nature of their larval food. Hence, with the above 
mentioned exception of the honey and stingless bees, the question of the 
morphogenic value of the larval food may be restricted to the worker forms, 

2. Observation shows that although the footl administered to the 

* Emery (Le Polyraoriihisine, etc,, loc. cU ) has called attention to the importance of the assimi¬ 
lative powers of the ant larva itself, quite irre.spective of the quantity and quality of the food 
aclmlmstered by the nurses — a very obscure physioloj^ical phenomenon, hut not without analo- 
jfies in other animals and especially in plants, which may assume a dwarfed habitus under appar¬ 
ently very favorable trophic conditions. The production of ‘high’ and ‘low’ males in Scarabaud 
and Lucanid beetles seems to be of the same nature. 
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larviie of the various social insects is often very different in its natuiv, even 
in closely related species, the structure of the workers may be extremely 
uniform and exhibit only slight specific differences. Among ants alone we 
find the larvae fed with a great variety of substances, "rhus the Attii feed 
their larvte on fungus hypha*, the harvesting sj^ecies of Pheidole^ Pogimo- 
myrincx, et(\, on seeds, tlie PoiK^riiue and many Alyrmicinse on pieces of 
insects, and most Dolichodcrinie and Camponotiiue supply their young 
with regurgitated liquid food. According to Dahl/ the larvjc of at least 
one species (Caniponotus quadriceps) feed on the pith of })lants. The 
quality of the food itself cannot, therefore, be supposed to have a morpho- 
genic value. And even if we admit w hat seems to be very })robable, namely, 
that a salivary secretion — possibly (‘ontaining an enzyme—may be ad¬ 
ministered by some of these ants at least to their younger larvte, the (‘ase 
against the morphogenic effects of qualitative feeding is not materially 
altered, as we see from the following considerations; 

3. In incipient ant-colonies the queen mother ttikes no food often for 
as long a period as eight or nine months, and during till this time is com¬ 
pelled to feed her first brood of larvte exclusively on the secr(*tions of her 
salivary glands. This diet, which is purely (jualitative, though very limited 
in quantity, produce's only workers and these of an extremely small size 
(mierergates). 

4. In the honey-bees, on the other hand, qualitative feeding, namely 
with a secretion, the so-called “royal jelly,“ w hich according to some authors 
(Schieinenz) is derived from tlie salivary glands, according to others (Planta) 
from the clylific stomach of the nurses, does not jiroduce w'orki'rs but (jucens. 
In this ease, however, the food is administered in considerable quantity, 
since it is not provided by a single starving mother, as in the case of the ants, 
but by a host of vigorous and well-fed nurses. Although it has been taken 
for granted that the fertilized egg of the honey-bee becomes a (jueen as the 
result of this j)eculiar diet, the matter ap})ears in a different light when it is 
considered in connection with von Ihering’s recent observations on the 
stingless bees (Meliponidte) of South America.' lie has show n that in the 
species of Melipona the cells in which the males, queens, and workers arc 
reared are all of the same siz('. These cells are provisioned with the same 
kind of food (honey and pollen) and an egg is laid in each, ^'hereupon 
they are sealed up, and although the larva* are not fed from day to day as 
in the honey-bees, but like those of the solitary bees subsist on stored pro¬ 
visions, this uniform ti*eatment nevertheless results in the production of 

> Das I.eben der Amciseii im Bisinarck-Ardiipel, Friediander ii. Solm, 1901 n 3i 

» Bioloj^iederstachelloseii Honigblenen Brasilieiis. Zool. Jahrb., Abth f Svst* XIX 
pp. 179-287, 13 pll., 8 text-figs. 
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three sharply differentiated castes. On hatching the queen Melipona has 
very small ovaries with immature eggs, but in the allied genus Trigona, 
the species of which differ from the Meliponce in constructing large queen 
cells and in storing them with a greater quantity of honey and pollen, the 
queen hatches with her ovaries full of ripe eggs. These facts indicate that 
the large size of the queen cell and its greater store of provisions are merely 
adaptations for accelerating the development of the ovaries. Now on 
reverting to the honey-bee we may adopt a similar explanation for the feed¬ 
ing of the queen larva with a special secretion like the royal jelly.” As is 
well known, the queen hornw-bee hat(*hes in about sixteen days from the 
time the ('gg is laid, whil(‘ the worker, thougli a smaller insect and possessing 
imperfect ovaries, recjuires four or five days longer to complete her develop- 
namt. That the special feeding of th(‘ queen larva is merely an adaptation 
for accelerating the dcvelo|mi<‘nt of the ovaries is also indicated by the fact 
that this ins(*ct is able to lay within ten days from the date of hatching.‘ 
If this interpretation is correct the qualitative feeding of the queen larva 
is not primarily a iiior})liogenic but a growth stiinuhis. 

5. 'Pile grossly m(H*hnnical withdrawal of food substances already 
assimilated by tlie larva, as in tiu* case of the PheidoJv insiahilts parasitized 
by the Orasnna <lescril)ed in the first part of this artiele, produces changes 
of th(* same kind as those which distinguish the worker ant from the queen, 
7. r., microcephaly, microphthalmy, stenonoty, and aptery. This case is 
of unusual inten\st be(‘ause the semijmpa, after th(‘ detachment of the para- 
sit(‘, semns to undergo a kind of regeneration and produ(*es a small but 
harmonious Avhole out of the depleted formative substances at its dis})osal. 
What is ciTtainly a femah' or soldier seinipupa takes on worker characters 
while the worker semipupa may be said to become infra-ergatoid as the 
result of the sudckm loss of formative substances. I'hese observations 
clearly indicate that the normal worker traits may be the result of starvation 
or withholding of food rather than the administration of a particular diet. 

0. The jiseudogynes of Formica admit of a similar interpretation if 
it be true, as 1 have maintained (p. 33) that they arise from starved female 
larva*. Here, too, the organism undergoes a kind of regeneration or regu¬ 
lation and assumes the w^orker aspect owing to a dearth of sufficient forma¬ 
tive substances with w hich to complete the development as originally planned. 


* Otieshire (Bees and Bee-kpoplnp, Scientific atid Practical, 2 vols.) Rives a different in¬ 
terpretation of the rapid Rrowth of tlie queens. On p. 244, Vol. I, be reRards the acceleration 
as the result of selection, since the first queen to hatch destroys her unhatched sisters. Jlence 
the more rapidly the insect develops the Rreater her chances of survival. In another place (Vol. 
II, pp. 320, 321). however, he reRard.s thi.s individual acivantaRe a.s a social disadvantaRe, since 
the toleration of several queens would Rreatly increase the number of workers and thereby 
streriRthen the colony. My view refers not so much to the acceleration of the development of 
the queen as to that of her ovaries. It is evident that this, too, may be expre.ssed in terms of 
advantage to the colony, since it enables the queen to lay very soon after the marriage flight. 
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7. In the preceding cases, as I have shown in the first part of this article, 
the ants undergo a peculiar structural modification as the result of tolerating 
parasites that bring about unusual perturbations in the trophic status of 
the colony. When ants themselves become parasitic on other ants a similar 
perturbation lesults, but in these cases the morj)hological effects are con¬ 
fined to the parasitic species and do not extend to their hosts. This must be 
attributed to the fact that the parasitizing species live in affluence and are 
no longer required to take part in the arduous and exacting labors of the 
colony. Under such circumstances the inhibitory effects of nutricial castra¬ 
tion on the development of the ovaries of the workers art‘ removed and ihert^ 
is a tendency for this caste to be replaced by egg-laying, gyna?coid individuals 
or by ergatogynes, or for it to disappear completely. These effects are 
clearly visible in nearly all parasitic ants. In the European Tonwgriathus 
sublcpvis, for example, the only known females are gynjccoid workers. In 
the American Leptothorax emersoniy as I have shown,^ gynaecoid workers and 
ergatogynes are unusually abundant while the true females seem to be on 
the verge of disappearing. Among the typical amazon ants {Polyergus 
rufescens) of Europe, ergatogynes are not uncommon. In Strongylognathus 
testaceus the worker caste seems to be dwindling, while in several perma¬ 
nently parasitic genera (Aiiergatc^s, WhcckriUy EpcrcuSy Epipheklolc and 
Symphcldole) it has completely <lisappeared. Only one cause can be as¬ 
signed to these remarkable effects — the abundance of food with which the 
parasites are provided by their hosts. 

8. In the Poneriiifle and certain Myrrnicina', like Pheidolvy Pogono- 
myrmeXy and Aphaenogasier, the larvae an* Fed on pieces of insects or seeds, 
the exact assimilative value of w^hich as food can neither he determined nor 
controlled by the nurses. And wdiile they may perhaps regulate the quantity 
of food administered, it is more probable that this must fluctuate within 
limits so wide and indefinite as to fail altogt'ther to account for the uniform 
and precise morphological results that w^e witness in the personnel of the 
various colonies. Moreover, accurate determination of the food su})ply 
by the w^orkers must be quite impossible in cases like that of the Pachy- 
condyla larva attended by the commensal Mefopina which surreptitiously 
consumes a portion of the proferred food. 

9. The intimate dependence of the appearance of the different castes 
of the social inse(!ts on the seasons may also be adduced as evidence of the 
direct effects of the food supply in producing workers and queens. The 
latter are reared only when the trophic condition of the colony is most 
favorable and tliis coincides Avith the summer months. In the great major- 

» Kthologlcal Observations on an American Ant (Lepthorux Eineisonl Wiieeler). Arch. f. 
Psych, u Neurol., 11, 1903, p. 6. * 
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ity of species only workers and males are produced at other seasons. Here, 
too, the cause is to be sought in the deficient quantity of food rather than in 
its quality, which is, in all probability, the same throughout the year, espe¬ 
cially in such ants as the fungus-growing Attii and the seed storing Myrmi- 
cin®. 

While these considerations tend to invalidate the supposition that quali¬ 
tative feeding is responsible for the morjihological peculiarities of the worker 
type, they are less equivocal in regard to the morphogenic effects of quanti¬ 
tative feeding. Indeed, several of the observations above cited show very 
clearly that diminution in stature and, in pathological cases, even reversion 
to the worker form may be the direct effect of underfeeding. To the same 
cause we may confidently assign several of the atypical phases among ants, 
such as the micrergates, microgynes, and micraners, just as we may regard 
the macrergates, inacrogynes, and macraners as due to overfeeding. These 
are, of course, cases of nanism and giantism, variations in stature, not in 
form. Similarly, all cases in which, as in certain species of Formica, Cam- 
ponotus, Pheidole, etc., the workers or desmergates vary in size, must be 
regarded as the result of variable quantitative feeding in the larval stage. 
Here we are confronted with the same conditions as Weismann observed 
in the blow-flies and w’hich entomologists have noticed in many other insects. 
Such variations are of the fluctuating type and are therefore attributable 
to the direct effects of the environment. The soldier and worker, however, 
differ from the queen in the absence of certain characters, like the wings, 
wing-muscles, spermatheca, some of the ovarian tubules, etc., and the 
presence of other characters, like the peculiar shape of the head and mandi¬ 
bles. In these respects the sterile castes may be regarded as mutants, and 
Weisinann’s contention that such characters cannot be produced by external 
conditions, such as feeding, is in full accord with de Vrieses hypothesis. 
His further contention, however, that they must therefore be produced by 
natural selection need not detain us, since it is daily becoming more and 
more evident that this is not a creative but an eliminative principle. It 
is certain that the very plastic social insects, like the ants, have developed 
a type of ontogeny which enables them not only to pupate at an extremely 
early period of larval life, but also to hatch and survive as useful though 
highly specialized members of the colony. It is quite conceivable that this 
precocious pupation may be directly responsible for the complete suppres¬ 
sion of certain organs that require for their formation more substance than 
the underfed larva has been able to accumulate. At the same time it ipust 
be admitted that a direct causal connection between underfeeding on the 
one hand and the ontogenetic loss or development of characters on the other, 
has not been satisfactorily established. The conditions in the termites. 
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which are often cited as furnishing proof of this connection, are even more 
complicated and obscure than those of the social Hymenoptera. While 
Grassi and Sandias,^ and Silvestri,^ agree with S[)encer in regarding the 
feeding as the dirt'ct cause of the production of tlie various (*astes, Herbst,^ 
who has reviewed the work of tlie former authors, shows that their observa¬ 
tions are by no means (conclusive; and Ileath^ makes the following state¬ 
ment in regard to his experiments on Californian termites: ‘‘For months 
I have fed a large number of termite colonies of all ages, with or without 
royal pairs, on various kinds and amounts of food — proctoda*al food 
dissected from w’orkers or in other cast's from royal forms, stomoda'al food 
from the same sources, sawdust to winch different nutritious ingredients 
had been add(‘d — but in spite of all I cannot feel perfectly sure that I have 
influencc^d in any unusual way the growth of a single individual.” 

This rather unsatisfactory answer to the question as to whether (piantity 
or quality of food or both, have an ergatomorphic value, has led some in¬ 
vestigators to seek a solution along more indirect lines, dims O. Ilertwig 
and Herbst suggest that the inorphogenic stimulus may be furnished by 
some internal secretion of the reproductive organs. This, too, is j)ossible, 
but owing to our very imperfect know’ledge of the internal secretions, evc'n 
in the higher animals, we are not in a position either to ac(*ej)t or r(‘j('ct this 
suggestion. 

More tangible' is Eincry’s attempl to ex[)lain tlie WTirker characters 
as the result of a struggle among the parts of a prematurely metamorphosing 
insect. He has not b('en led into the invisible battle of tlui ids and deter¬ 
minants on which Weismann recently (constructed his hvjiotiucsis of germinal 
selection,” but is content with a struggle betw^cen the larger regions of the 
body and betw'een their various organs. This point of view* was suggested 
by his study of the mermithergates. He is of tlie opinion that “ the same law 
of growth which determines the pniportions of the head and gaster in the 
ifermw-infested workers (see pp. 24, 25 aniea) obtains also in normal ants. 
I designate it as the “law of opposition between head and gaster” and W'ould 
state it as foliows : 

“While the imago is developing within the full-grow'ii ant larva, what is 
needful for the structures essential to the life of the organism is first empha¬ 
sized, especially for the digestive and reproductive organs contained in the 
gaster; the formation of the external shape of the head, and especially of 


1806. 


1 Costituzione p Sviluppo clflla Society del Terinltidi. Catania, 1803, 150 pp., 5 pll 

Vorigine delle vari'. caste nei Termi- 

Leipzig, Arthur Georgi, 1901, pp. 20-24. 

j ,v 1 -VY— - -1902, pp. 62-23. 

« Zur Kenntniss des Polymorpiiismus, etc., loc, c?Y., p. 603. 

« On Germinal Selection. Religion of Science Library. Open Court Publ. Co., Chicago, 
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the mandibles and of the muscles which are to move them, is regulated 
according to the amount of formative substance remaining. Perhaps 
phylogenetic factors also enter into this process and, with the absence of 
sufficient substance, also phenomena of atavism in the form of a certain 
stress' on the phylogenetically older structures. 

‘^As a result of these processes we find that when one of two metamor¬ 
phosing larvae has a large abdomen its head will be relatively smaller than 
that of the other, because there remains a relatively smaller amount of 
larval food substance.’* 

Towards the end of his paj)er (pp. 608, 609) Emery still further elab¬ 
orates this view and concludes with the following remarks: ‘*Thc deter¬ 
mination both of the rc'lative size of the various regions of the body and of 
the individual organs to one another may be regarded as a struggle among 
the parts (Kam])f der Theile) of the organism. In the metabolic insects, 
in particular, this struggle may be divided into two periods: 

‘‘During the first j)eriod, which may be of long duration, food supplies 
are accuinulated in an indifferent manner as the larval fat-body while at 
the same time the rudiments of the imaginal organs arise and prepare 
themselves for the struggle. 

“During the second period the struggle among the rudiments actually 
sets in and must be particularly acute in cases where the store of food is 
meager on account of underfeejding of the larva. The struggle will be 
decided in favor of the rudiments which are capable of most vigorously 
appropriating the nourishment. 

“To this struggle is due the regular type of pohnnorphism as it is ex¬ 
hibited by worker ants in its definite ndations to the volume of the body. 
But before this struggle takes place, the result is already decided, because 
the ability of the individual imaginal rudiments to attract the larv'al food 
rt^serves has been determined. We may therefore assume that during the 
first period, by a process still completely unknown, there is a determination 
of the growth energy of the individual imaginal rudiments which, in the 
second period, will struggle for the possession of the limited supply of larval 
food. We may further assume that during the first period^ through the 
relations of the imaginal rudiments to one another and to the amount of 
larval food substances, the type of the individual, whether female, worker, 
pseudogyne, etc., as well as its size, is determined. These peculiarities, 
however, do not manifest themselves till the second period. 

''As trophic polymorphism the polymorphism of the female sex in ants 
is a function of the distribution of the nutritive substances accumulated during 
larval life, a distribution which in turn is determined by the struggle among 
th^ imaginal rudimentsP 
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In commenting on this h}^othesis of a struggle of the parts in connection 
with the mermithergates, I have already shown (p. 26) that it is inapplicable 
to the cases which first suggested it. This does not, however, disqualify it 
as a possible explanation of the normal worker forms. It does, indeed, 
appear to give us an insight into the possible conditions of development in 
the starved larvte from which the workers arise and suggests interesting 
problems for the experimentalist. Still it is incomplete and like the other 
views considered in the preceding paragraphs, fails to account for the highly 
adaptive structure of the worker. 

There lurks, perhaps, in Emerj^’s hypothesis a suggestion of a wide¬ 
spread notion that there is sotnething monstrous, teratological or hypertelic, 
about the workers and especially about the soldiers of the social insects. 
This is more explicitly stated in the above-quoted passages from Spencer 
and Marchal (pp. 60, 65). The latter, in fact, regards the rearing of the 
sterile forms as a kind of experimental teratogeny. Such an impression 
Ls very natural, for the soldiers of many ants and termites certainly exhibit 
developments of the head and mandibles unlike anything found in other 
insects. And it is not impossible that these castes may have orginally 
made their appearance as teratological developments. But that they are 
such at the present time is very improbable, since wx* find that they are not 
only normal and all-important constituents of the colony, but have become 
exquisitely adapted to particular functions. Wherever the habits of the 
soldiers have been carefully studied it has been found that their singular 
and apparently hypertrophied structures have a very definite function. 
Thus it has been shown that the peculiarly trumated heads of the Colobopsis 
soldiers are used as animated front-doors’^ in closing the circular entrances 
to the galleries of the nest, that the colossal crania of the Pheidole soldiers 
accommodate the huge muscle-masses of the jaws which in turn are used in 
cracking hard seeds and the tough integument of insects, and that the pecul¬ 
iar sickle-shaped mandibles of the soldiers of Myrmecocystus homhycinus are 
used for carrying the voluminous pupte.^ It is very probable that in ter¬ 
mites the singular heads of the nasute and mandibulate soldiers will be found 
to be similarly adapted to special functions in the economy of the colony. 
At any rate we are not justified in n;garding such structures as hypertelic 
or teratological till we know' more about the habits of the species in which 
they occur. 

We may conclude, therefore, that wdiile the conception of the worker 
type as the result of imperfect nutrition is supported by a considerable vol¬ 
ume of evidence, wc are still unable to understand how this result can take 


1 See Escherieh. Die Araeise, loc, cit., p. 46. 
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•on so highly adaptive a cliaracter. Such a concise effect can hardly be due 
to manifold and fluctuating external causes like nutrition, but must proceed 
from some more deeply seated cause within the organism itself. Of course, 
the difficulty here encountered is by no means peculiar to polymorphism; 
it confronts us at every turn as the all-pervading enigma of living matter. 
Whether we shall fare better by approaching the subject from a different 
point of departure remains to be seen. 

4. The Phylogenetic Aspect of Polymorphism. 

An intensive study of the structure and habits of ants must inevitably 
lead to a certain amount of speculation concerning the phylogenetic devel¬ 
opment of their colonies. That these insects have had communistic habits 
for ages is clearly indicated by the fact that all of the numerous existing 
species are eminently social. There can be little doubt, however, that they 
arose from forms with habits not unlike those we find today in some of the 
solitary wasps, such as the Bembecidse, or in the remarkable South African 
bees of the genus Allodape} Unlike other solitary wasps, the females of 
Bcmhex may be said to be incipiently social, since a number of them choose 
a nesting site in common and, though each has her own burrow, cooperate 
with one another in driving away intruders. Bemhex has also taken an 
important step in the direction of the social wasps not only in sun'iving the 
hatching of her larva?, but also in visiting them from day to day for the pur¬ 
pose of providing them with fresh insect food.^ 

At a very early period the ants and social wasps must have made a fur¬ 
ther advance when the mother insect succeeded in surviving till after her 
progeny had completed their development. This seems to have led nat¬ 
urally to a stage in which the young females remained with their mother 
and reared their progeny in the parental nest, thus constituting a colony 
of a number of similar fertile females with a common and indiscriminate 
interest in the brood. This colony, after growing to a certain size, became 
unstable in the same way as any aggregate of like units, and must soon have 
shown a differentiation of its members into two classes, one of individuals 
devoted to ref)roduction and another class devoted to alimentation and pro¬ 
tection. In this division of labor only the latter class underwent important 
somatic modification and specialization, while the former retained its prim- 


11 infer this from a brief account {in hUeria) of two dpecies of these insects, recently received, 
together with specimens of their extraordinary larv», from Dr. Hans Brauns of Cape Colony, 

* Interesting accounts of the habits of this insect have been published by Fabre (Souvenirs 
Entomologiques. Prem. S^r., Pans, Chas. Delagrave, 1 $d., 1879; 3 6d., 1894, pp. 221-234); 
Wesenberg-Lund (Bembex rostrata, dens Liv og Instinkter. Ent. Meddel. Kjdoenhavn, III, 
1891, pp. 19-44; English r6sum4 in Psyche, Vlf, p. 62); and Geo. W. and Elizabeth G. Peck- 
ham, On the Instincts and Habits of the Solitary Wasps. Wis. (3^1. Nat. Hist. Surv., Bull. 
2HO, 2, 1898, pp. 68-72. 
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itive and more generalized characters. It is more than probable, as I 
shall attempt to show in the sequel, that this differentiation was manifested 
in the sphere of instinct long before it assumed morphological expression. 
The social wasps and bumble bees are practically still in this stage of soci* 
ogeny. The ants, however, have specialized and refined on these conditions 
till they not only have a single marked alimentative and protective caste 
without wings' and lacking many other female chara('ters, but also in some 
species two distinct castes with a (orresponding further division of labor. 
Both in the phylogeny and th(' ontogeny these characters appear as the 
result of nutricial castration. 

If the foregoing considerations be grantcnl th(‘ biogenetic law may be 
said to hold good in the sociogeny of tlu‘ ants, for tiie actual ontogenetic 
development of their coloiiit\s conforms not only to th(‘ purely conjectural 
reqummients of phylogeny but also with the stages represented by the va¬ 
rious extant groups of social insects. It is clear that we (*annot include the 
honey-bee among these groups, since this insect is demonstrably so aberrant 
that it is difficult to compare' it with tlu' otlu'r social insects. 

Com})arison of the different genera and subfamilies of ants among them¬ 
selves shows that some of them ha\e rctaiiu'd a very primitive soc'ial 
organization, and with it a relatively incomph'te polymorphism, whereas 
others have a much more highly developed soeial life and a greatc'i* differ¬ 
entiation of the castes. Such a comparison couj)led with a study of th<‘ 
natural relationships of the various genera as displayed in structure, shows 
very clearly that the advance from generalized to highly specialized societies 
did not follow a single upward course during the }>hylogenv, but occurrt'd 
repeatedly and in different phyletu groups. And since the complications 
of polymorphism kept pace with tho.se of .social organization, wo may say 
that the differentiation of the originally single \M>rk(*r caste into dinergates, 
or soldiers on the one hand and micrergates, or small workers, on the other, 


1 Emery (Ziir Kenntni.-,s de.s rolyniurphismiis, ete , toe. nt , pn 

snedil Wingless, like the workers of existing 

n tiumig llie jihylogetiv, an ojnmon lo which he >\as h*(i by ileriving 

161 (Dimorphic (/ueeml. etc./Zc^ r'i', p. 

a reWaLiisitfor/afte/ml<! iVf ^ Knmnd that tlicre is no known case among insects of 

U c Jirm ^ J that tlicy have not »>een lost but still 

ffe beliUes lE thc^wm^ Mutillid. since she produces males with perfect wings. 

wings of existing female ants aie an inheritance from the male. The po.ssi- 


bility of such an inheritance 


course, he disimted, hut when the mutter*is so laWlv 
loss^oUoweVbra^reatMS hwu ™taWl8l“<l!‘’than‘?o a^^^^ 

SSS KSS SS:SE“« ssMis a 

tively, but they are modification^ of we f-th^elowd^ fnne respec- 



1907.] 


Wheekr^ The Polymorphvm of Ank, 


77 


has been repeated in reinolcly related genera. In some genera (Stenamina 
sens, str., Leptothorax) there are also indications of a lapsing of highly special¬ 
ized into simpler conditions by a kind of socnal degeneration. In its extreme 
form this manifests itself as a suppression of castes and a consequent sim¬ 
plification of polymorphism. Beautiful illustrations of this statement are 
furnished by th(‘ parasitic species that have lost their worker caste. But 
there arc also cases in whicli the queen caste has Ix^en suppressed and its 
functions usurped by \\orkcrs. 

Not only have these greater changes been effected and fixed during the 
phylogenetic history of the Formicida?, but also many subtler differences 
such as those of stature, coloration, pilosity and sculpture. And although 
such differences belong to the class of fluctuating variations and are usually 
supposed to have a greater ontogenetic than phylogenetic significance, they 
arc undoubtedly of grt‘at anticpiity and must therefore be rt'gardcd as more 
important than many of the minor morphological traits. 

Emery was the first to call attention to a number of peculiar phylogenetic 
stages in ‘the development of stature among ants.' We find by comparison 
with the male, which may be regarded as a relatively stable and conservative 
form, that the cospecific females and workers may vary in stature inde¬ 
pendently of each other. The following are the stages recognized by 
Emery, with souh* additions of my own: 

1. In the earliest phylogenetic condition which is still prc‘served in the 
ants of the subfamily Ponerina^ and in certain Myrmicina3 {I'scudomyrma, 
Myrmadna, etc.), the workers are monomorphic and of about the same size 
as the males and females. 

2. The worker becomes highly variable in stature from large forms 
(dinergates, or maxima workers) resembling the female, through a series of 
intermediates (desmergates) to very small forms (minima workers, or micrer- 
gates). This condition obtains in the Doiwdina?, some Myrmicime, (some 
species of Phridolr, Pheidohejeton, Atfa), Camponotina* (Camponotus) and 
Dolichoderinie {A ztrea ). 

3. The worker be(*oines dimorjjhic through the disappearance of the 
desmergates, so that the originally single, variable caste is now represented 
by two, the soldier (dinergate) and worker proper. We find this condition 
in certain Myrmicina? and Campouotinre {Cryptocerus, Plieidolr, Acantho- 
myrmex, Colobopsk^ etc.). 

4. The soldier of the preceding stage disappears completely, so tfiat the 
worker caste again becomes monomorphic but is represented by individuals 
very much smaller than the female. Such individuals are really micrergates. 


> Die Entstehung und Ausbildung der Arbeiter bei den Ameisen, loc. n't., pp. 55, 56. 
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This condition is seen in certain Myrmicine genera, especially of the tribe 
Solenopsidii {Carebara, Erebomyrma, Dipbmorium, most species of Solenop- 
sis, etc.). 

5. The worker form disappears completely, leaving only the males and 
females to represent the species, which thus returns to the condition of sex¬ 
ual dimorphism seen in the great majority of insects and other Metazoa. 
This occurs in the parasitic ants of the genera Anergates, Wheekria, Epcecus, 
Sympheidole and Epipheidolc. 

6. In certain species the workers remain stationary while the female 
increases in size. This is indicated by the fact that the worker and male 
have approximately the same stature. Such a condition obtains in certain 
Myrraicinse (Cremastogaster), Camponotinae (Lasius, Prenolspis, Brachg- 
myrmex, the North American species of Myrmrcocystus), and Dolicho- 
derinae {Iridom.yrm.ex, Dorymyrmex, Liometopiim), 

7. The worker caste remains stationary while the female diminishes 
in size till it may become even smaller than the large workc^rs. This occurs 
in certain parasitic species of North America, like Aphwnogastcr tennesseen- 
sw among the Myrmicinae, and among the Carnponotinai in the species of 
the Formica microgyna group (F, difjicilis, nevademis, impexa, moniigena, 
nepticuh). 

8. The female phase disappears completely and is replaced by a fertile, 
or g}miecoid worker form. This occurs in the Myrmicine Tomognathus 
subloBvis, in certain Ponerine genera like Leptogenys (including the sub- 
genus Lobopelta), and probably also in Diacamm^a and Cftampsomyrmrx. 
The conditions in Acanthosfichus and certain Cerapachyi {Farasysem perin- 
gueyi) indicate that the dichthadiigynes of the Dorylinte may have arisen 
from such gynajcoid workers instead of from wingc^d queens. 

9. The female shows a differentiation into two forms (a- and /5-fcmales) 
characterized by diffenmees in the structure of the legs and antcniue, in 
pilosity and coloration (Lasius latipes), or in the length of the wings 
(macropterous and micropterous females of L nigvr). The macrocephalic 
and microcephalic females of Camporudus abdominaUs and confnsus de¬ 
scribed by Emery' may also be regarded as a- and /?-forins. In this series 
of stages, one to five represent changes in the worker caste while the female 
remains relatively stationary, whereas stages six to nine represent tlie con¬ 
verse conditions. Stages one to four probably succeeded one another in 
the order given, but stage five may have arisen either from the first or fourth. 
The sixth to ninth stages must, of course, be supposed to have developed 
independently of one another. 


ilje Polymorphisme des Fourmis, etc., loc, cit., pp. 400, 40i. 
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The stature differences described in the above paragraphs are in most 
if not all cases, highly adaptive. This is clearly seen in such forms as the 
Indo-African Carebara, the huge, deeply colored females of which are more 
than a thousand times as large as the diminutive, yellow workers. This ant 
dwells in termite nests where it occupies chambers connected by means of 
tenuous galleries with the spacious apartments of its hosts. The termites 
constitute a supply of food so accessible and abundant that the workers are 
able to rear enormous males and females, while they themselves must pre¬ 
serve their diminutive stature in adaptation to their clandestine and thiev¬ 
ish habits. Similar conditions are found in many species of the allied genua 
Solenopsis, which inhabit delicate galleries communicating with the nests 
of other ants on the larvae a!id pupae of which they feed. In one species of 
this genus (S. geminata) however, which leads an independent life and feeds 
on miscellaneous insects and seeds, the worker caste is still highly poly- 
morf)hic. 

Another interesting case of adaptation in stature is seen in the ants of the 
Formica microgyna group. The females of these species are temporarily 
parasitic in the nests of other Formicw and are therefore relieved of the 
labor of digging nests for themselves and rearing their first brood of larvae. 
On this account they need not store up large quantities of food, so that the 
nourishment which in nonparasitic spe<*ies goes to produce a comparatively 
few large females may be applied to the production of a large number of 
small females. This latter condition is necessary^ in parasitic species which 
are decimated by many vicissitudes befoul they can establish themselvea 
successfully among alitm hosts. I have already emphasized the adaptive 
significance of the disappearance of the worker caste among permanently 
parasitic species like Anergaies, Whecleriay etc. 

l''here are several cases in which the worker and female differ greatly 
in color, pilosity, or sculpture, and in such cases either caste may be con¬ 
servative or aberrant according to ethological requirements. Thus in cer¬ 
tain temporary parasites like Formica ciliata, orcas, moniigena, dakotemis, 
and di^cAlis, the female is aberrant in one or more of the characters men¬ 
tioned, while the cospecific worker retains the ancestral characters of the 
same caste in the closely allied forms of F, rufa, l''he same condition is seen 
in a veiy different ant, Aphamogaster iennesseensis, as the result of similar 
parasitic habits. In all of these species the females alone have developed 
myrmecophilous characters, like the long yellow hairs of F, cillatay or the 
mimetic coloring of F, difjficilis, which enable them to foist themselves on 
allied species and thus avoid the exhausting labor of excavating nests and 
rearing workers. 

The foregoing observations indicate that in their morphological charac- 
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ters the worker and female of the same species have advanced or digressed 
in their phylogeny, remained stationar}" or retrograded, independently of 
each other. The same peculiarity is also obscrvahlc in species with dis¬ 
tinct worker and soldier castes. It thus becomes impossible even in closely 
related species of certain genera, like Pheidolr, to j)redict the characters of the 
worker from a study of the cospecific soldier or vice versd. And while adap¬ 
tive chara(*tcrs in stature, sculpture, pilosity and color must de[)end for their 
ontogenetic development on the nourishment of the larvie, it is equally cer¬ 
tain that they have been acquired and fixed during the phylogeny of the 
species. In other words, nourishment, temperature, and other environ¬ 
mental factors merely furnish the conditions for the attainment of characters 
predetermined by heredity. We arc therefore compelled to agree with 
Weismann that the characters that enable us to differentiate the castes 
must be represented in the egg. We may grant this, however, without 
accepting his conception of representative units, a conception which has 
been so often refuted that it is unnecessary to reconsider it in this connection. 
Far preferable appears to be the view of the constantly incrc^asing number 
of biologists who conceive the adult characters to be represented in the g(Tm 
as dynamic potencies or tensions rather than as m()rj)hological or chemical 
determinants. 

Having touched upon this broader problem of heredity it will be nec¬ 
essary to say something about the inheritance or non-inhtTitance of aecpiired 
characters, especially as Weismann and his followers regard the sochil 
insects as demonstrating the non-transmissibility of somatogenic traits. 
In establishing this view and the all-sufficiency of natural selection to which 
it leads, Weismann seems to me to have slurred over tht* facts. While he 
admits that the workers may lay eggs, and that these may ])roduce male 
offspring capable of fertilizing females, he nevertheless insists that this is 
altogether too infrequent to influence the germ-plasm of the sj)ccies. 1 
venture to maintain, on the contrary, that fertile workers o(‘cur much more 
frequently in all groups of social insects than has been generally supposed. 
As this fertility is merely a physiological state it has been often overlooked. 
Marchal (vide ante, p. 05), has shown how readily tlu* work(‘rs of the social 
wasps assume this state, and the same is true of honey bees, especially of 
certain races like the Egyptians and Cyprians (Apis meJlifica-fasriaia and 
cypria). In the hives of these insects fertile workers are cither always pres¬ 
ent or make their appearance within a few days after the removal of the 
queen. In the termites fertile soldiers have been observed by (^rassi and 
Sandias (/. c.), and fertile workers by Silvestri (/. c.). Among ants 
fertile, or gynajcoid, workers occur so frequently as to lead to the belief 
that they must be present in all populous colonies. Their presence is also 
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proved by the production of considerable numbers of males in old and queen¬ 
less colonies. In artificial nests Wasmann/ Miss Fielde^ and myse^lf have 
found egg-laying workers in abundance. 

As the mahis that develop from worker eggs are jx^rfectly normal, and 
in all probability as capable of mating as those deriv(‘d from the eggs 
of queens, we are bound to conclude, especially if we ado})t the theory of 
heredity advocated by Weismanii himself, that the characters of the mother 
(in this case the worker) may secure representation in the germ-})lasm of the 
species. Weismann is hardly consistent in denying the probability of such 
representation, h)r when he is bent on elaborating the imaginai*}' structure of 
the germ-])lasm he makes this substance singularly retentive of alteration by 
amphimixis, but when he is looking for facts to support the all-sufficiency of 
natural s(‘lection th(» germ-])lasm becomes remarkably <lifficult of modifica¬ 
tion by anything except this eliminative factor. Certainly the simplest and 
direc‘test method of securing a representation of the worker characters in the 
g(^rm-plasm would be to get them from the worker itself that has survived in 
the struggh' for existemee, rather than through the action of natural selection 
on fortuitous constellations of determinants in the germ-plasm of the queen. 

If we grant the possibility of a periodical influx of worker germ-plasm 
into that of the specie's, the transmission of characte'rs acquired by this caste 
is no more impossible than it is in other animals, and the social insects 
should no longer be cited us furnishing conclusive proof of Weismannism. 
Weismann undoubtedly desen es lasting credit for his accurate distinction of 
blastogenic and somatogenic charac'ters, and for having rid biological 
science of a multitude of crude conceptions concerning the inheritance of the 
latter. Even the many investigators, who, like Boveri,® Deluge,^ Pauly,® 
Plate,® llignano,^ and Seinon,® still believe in the transmissibility of acquired 
<’haractcrs, show the effects of Weismann^s (‘larifying and critical efforts. 

Plate ® attempts to overcome the difficulties presented by the normal ste¬ 
rility of the worker by supposing that the distinguishing characters of this 
caste arose ])rior to their inability to reproduce. He iTCognizes the follow¬ 
ing stages in the phylogc'ny of the sodal insects: 

** 1. The presocial stage with but a single kind of male and female. 

* Parthenogensis bej Ameisen durch KUnstliche Temperaturverhaltnisse. Biol, Centralbl., 
XI, 1891, pp. 21-23. 

S' Observations on the Progeny of Virgin Ants. Biol. Bull., IX, 1905, pp. 365-360; Temper¬ 
ature as a Factor in the development of Ants, ibid.. IX, 1905. pp. 361-367. 

» Die Organisinen als Histori.sche We.seu. Wurzburg, 1906. 

* L’ H^redlt^ et les Grands Probl^incs de la Biologie G^n^rale. 2 ed., Paris, C. Reinwald, 
1903. 

* Darwinismus und Lamarckism us. Mtinchen, Ernest Reinhardt, 1905. 

» Ueber die Bedeutiing des Darwin'scheii Selectionspnncips und Probleme der Artbildung. 
2 Aufl., Leipzig, Wllh Engelmanii, 1903 

^ Sur la Transmlsslblllte des Cl^aract^^es Acquis. Paris, Felix Alcan, 1906. 

* Die Mneme als Erhaltendes Prinzip im Wechsel des Organischen Geschehens. Leipzig, 
Wilh. Engelmann, 1904. 

» Ueber die Bedeutung des Darwins'sehen Selectionsprlncips, etc., ioc. cit.. p. 73-75. 
[January. 1907.] 
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^‘2. The social stage with but a single kind of male and female. The 
peculiarities in nesting, caring for the brood, and the other instincts were 
already developed during this stage. 

“3. The social stage witli one kind of male and two or several kinds of 
females, which were all fertile, but in consequence of the physiological divi¬ 
sion of labor became more and more different in the course of generations. 
The division of labor took place in such a manner that the sexual functions 
passed over primarily to a group A, while the constru(‘tion of the nest, 
predatory expeditions and other duties devolved mainly on another group 
of individuals (B) which on that account used their reproductive organs 
less and less. 

“4. The present stage with one kind of male, a fertile form of female, 
which arose from group A, and one or several kinds of sterile females, or 
workers (group B). 

He thus assumes that the differentiation into sterile and fertile forms did 
not take place till stage 3, and, if 1 understand him correctly, not till after 
‘‘the races had become differentiated morphologically.” This view, as 
Plate admits, resembles Spenceris ([). 59). l^he two views, in fact, differ 
merely in degrt'c, for the underlying contention is the same, namely that 
sterility is one of the most recently develo|KMl characters among the social 
insects. There can be little <loubt, however, that the smaller ada})tive 
characters, for example those of the females of certain Formiew above men¬ 
tioned, must have made their appearance in the fourth stage of Plate’s 
scheme. The vknv which I have advocated differs from Plate’s in admit 
ting that even in this stages the workers are fertile with sufficient frequency 
to maintain a representation of their characters in the germ-plasm of the 
species. Conclusive evidence of the presence or absence of such representa¬ 
tion can be secured only by experimental breeding and espt'cially by hybrid¬ 
izing the male offspring of workers of one spc'cies (a), ^\ith females of another 
(b) that has workers of a different character. Under these conditions some 
of the characters of a should make their appearance in b. The most favor¬ 
able genera for such experiments would probably be Myrmira, Formica, and 
Lasins, in all of which there are species, subspecies, and varieties with dis¬ 
tinctly characterized workers while the corresponding males and females 
are sufficiently alike to make hybridization seem feasible. 

5. The Ethoi.ogical and Psychological Aspects of Polymorphism. 

In the foregoing discussion attention has been repeatedly calhid to adap¬ 
tation as the insurmountable obstacle to our every endeavor to explain poly¬ 
morphism in current physiological terms. Of course, this is by no means a 
peculiarity of polymorphism, for the same difficulty confronts us in every 
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biological inquiry. Adaptation, conceived as a phylogenetic process, and 
its ontogenetic counterpart, accommodation or regulation, arc not only the 
central problems of all biology, but they constitute the proper field of ethol¬ 
ogy.^ Emeryand Waxweilcr regard ethology as at bottom merely external 
physiology. Tlie former defines it as treating of “the ensemble of phenom¬ 
ena whose physiological analysis has not yet been accomplished and is not 
even possible at the present time.” This implies that when the analysis has 
been accomplished, ethology will be merged into physiology. Such a view 
is in my opinion open to discussion, since ethology also embraces the be¬ 
havior, i. r., the instinctive and intelligent actions by means of which organ¬ 
isms adapt or accommodate themselves to their environment and must be 
to that extent psychological. Hence there is o})portunity for considerable 
difiercnce of opinion in regard to the ultimate fate of ethology. Authors who 
believe that psychology will rc'solve itself into physiology will agree with 
Emery, whereas those who believe that biology will become increasingly 
psyeliological and metaphysical — and the number of these seems to be 
increasing — will j)redict that ethology will ally itself more closely with the 
mental sciences. 

This dual possibility depends, of cours(‘, on two ways of envisaging the 
problem of adaptation. ''Fhose who view it from the physical (/. e., mechan¬ 
ical), antitcleological and Neodarwinian standf>oint, repudiate any attempt 
to substitute psychological terms in biological explanation, and assign as 
their reason for this course the existence of a psycho-physical parallelism. 
On the other hand, those who view the pn)blem from the vitalistic, teleo¬ 
logical and 1 .^amarckian standpoint, turn to psychical manifestations like 
the will, with which we as acting subjects are perfectly familiar, as yielding 
a more adequate ainl sati.sfving insight into the phenomena. These dif¬ 
ferent standpoints have been recently presented in violent contrast to each 
other in two works on adaptation by Detto^ and Pauly.^ 

At first sight it may be difficult to understand why allusion should be 
made to these abstruse and very general mattt'rs in the discussion of a special 
subject like jK)lymor])hism. Reflection shows, however, that the social 
insects make a consideration of the.se matters necessary, since these organ- 


' An cxcelloiit discussion of the scope and problems of tliis science has been recently pub¬ 
lished by Waxweilcr (Ksquisse d’une Sociologie, loc, at., p. 29 cf skq.). He luis shown that Is. 
Geoflfroy Saint Hilaire, in 1854, first introduced the term ‘ethology ’ for tlie subject which Hapcktd 
in 1866 designated as ‘ oecology ’ in lus ‘ Gerierelle Morphologle.’ The term ‘ bioiioniics ’ employed 
by I.ankester, Haldwiu, Gulhk and others, is of course, of still more recent date. ‘Ethology ' 
therefore, not only lm.s priority, but it is also more apt than the other terms that have been 
suggested. It will probably come into general use among English and American zoologists, 
now that it has been adopted in such works as the ‘Zoological Record.’ 

2 Ethologie, riiylog^nie et Classification. Comptes Ilendus dii 6 Congr^s internat. Zool., 
Berne. 1904. 

» Dio Theorie der directen Anpassiing und ihre Bedeutung ftlr das Anpassungs-und Descen- 
denzproblein. Jena, Gustav Fiscner, 1904. 

* Darwinismus und Lainarckismus, loc. cit. 
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isms are far and away the most plastic and ada])table and psychically the 
most richly endowed of all the lower animals. I use this term ^‘psychically’^ 
advisedly, for, like Ford and 'Wasmann, 1 find myself utterly unable to 
accept the views of Bethe, Uexkull, and others, who rt^^urd the social insects 
as mere reflex machines. Nor have I the slif^htest h(*sitation in substituting 
psychological terms wherever physical terms are inadccjuatt', as I am by no 
means convinced of the cogency of the hypothesis of psychojihysical par¬ 
allelism and the epistemological restrictions to whic*h it is supposed to bind 
the investigator. If 1 am not greatly mistaken, jxsychophysical parallelism 
has of late received some pretty rough treatrm'nt at the hands of more than 
one eminent psy(‘liologist.^ 

As the type of polymorphism with which I have been dealing has been 
<leveloped by psychically highly endowed so<*ial insects, it cannot be ade¬ 
quately understood as a mere morjihological and physiological manifestation 
apart from the study of instinct. This has bctni more or l(‘ss distinctly per¬ 
ceived by nearly all writers on the subject. However various their expla¬ 
nations, Spencer, Weismann, Emery, Ford, Mardial, and Elate all resort to 
instinct. Emery, especially, has seen very dearly that a worker type with its 
peculiar and aberrant characteristics could not have' been developed except 
by means of a wwker-producing instinct. In other words, this tyj>e is the 
result of a living environment consisting of the fostering queen and workers 
wdiich instinctively control the development of the young in so far as this 
depends on external factors. Only under such conditions could a worker 
caste arise and repeat itself generation aft(‘r generation. This caste may 
be regarded as a mutation, comparable with some of De Vries’s //era 
mutations, but able to repeat and maintain itself for an indefinite scries 
of generations in perh'ct symbiosis with its ]jarent form, the (juecn, because 
notwithstanding its relative infertility, it can be ])ut to very important social 
use. Among ants this social use not only pervades the activities of the 
adult w^orkt'r but extends even to the more inert larval stages. '’J''hus the 
latter represent a rich and ever-fresh supply of food that can be devoured 
whenever a temporary famine t)vertakes the colony. In certain species, 
like the East Indian CEcophylla smaragduia and the South American 
Camponotus senex, tlie larv/e are put to a more humane use as sj)inning 
machines for constructing the silken nest inhabited by the colony. These 
examples also illustrate the purposive manner in which an organism can 
satisfy definite needs by taking advantage of ever-present opportunities. 

In the lives of the social insects the threj)tic, or philoprogenitive instincts 
are of such transcendent importance that all the other instincts of the species, 

^ 1 e. g.. Busse, Geist uiwl Kftrper. Leipzig, Dttrr'sche Buchhandluiig, 1903; and Binet. 
L’Ame et le Corps. Pans, Ernest Flammarion, 1905. 
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including, of course, those of alimentation and nest-building, become merely 
tributary or ancillary. In ants, especially, the instincts relating to the nur¬ 
ture of the young bear the aspect of a dominating obsession. The very 
strength and scope of such instincts, however, renders these insects more 
susceptible to the inroads of a host of guests, commensals and parasites, 
besides the parasitic larvte of Chalcidids, Lomechusini and Metopina de¬ 
scribed in the first part of this article, there are many adult beetles and other 
insects on which the ants lavish as much or even more attention than they do 
on their own brood. And when the ants themselves become parasitic on 
other ants, it is always eitlier for the sake of having their own brood nur¬ 
tured, as in the temporarily and })ermanently parasitic forms, or for the 
purpose of securing the brood of another species, as in the slave-making, 
or d 111 otic species. 

l^h(‘ pliilofirogenitive instincts arose anil were highly developed among 
the solitary anci'stral insects long before social life made its appearance. 
In fact, social life is itself merely an extension of these instincts to the adult 
offsjiring, and tliere can be no doubt that once developed it reacted rapidly 
and powerfully in perfecting these same instincts. It is not so much the 
fact tliat all the activities of the social insects converge towards and center in 
the rcjiroduetion of the species, for this is the case with all organisms, as the 
elaborate living environment develo|MMl for the nurture of the young, that 
gives th(‘se insc'cts tluMr uninue position among the lower animals. A full 
analysis of the threj)tie activities would involve a study of the entire ethol¬ 
ogy of the social insects and cannot be undertaken at the present time. 
Nevertheless the bearing of tliese instincts on the subject of polymorphism 
can hardly be overestimated and deserves to be emphasized in this connection. 

All writers agree* in ascribing polymorphism to a physiological division of 
labor among orginally similar organisms. This is tantamount to the as- 
sum})tif)rt that the ])hylogenetic elilfenmtiation of the castes arose in the 
sphere of function before it manifested itself in structural peculiarities. 
Although this view implies that the female, or queen, was the source from 
which both the instincts and structures of the worker were derived, it has 
been obscured by an improper emphasis on the instincts of the honey-bee, 
in which the female is clearly a degenerate organism, and on certain special¬ 
ized instin(*ts, supposed to belong exclusively to worker ants like the slave- 
makers {Polyergm and Formica sangninea ). We have therefore to consider, 
first, the instin(*ts of the queen ami, second, any evidence that may go to 
show that instinct-changes precede morphological differentiation in the 
phylogeny of the species. 

It is evident that the social insects may be divided into two groups 
according to the instinct r6le of the queens. In one group, embracing the 
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social wasps, bumble-bees, ants and termites, the female is the complete 
prototype of her sex. Even in the slave-making ants, as I have shown in a 
former article,^ she manifests in the founding of her colonies all the threptic 
instincts once supposed to be the exclusive prerogative of the worker caste. 
These may be called the primary instincts. After the colony is established, 
however, and she no longer needs to manifest these instincts, she becomes a 
mere egg-laying machine and her instincts undergo a corresponding change. 
These may now be designated as secondary instincts. She thus ]msses 
through a gamut of instincts successively calletl into activity by a series of 
stimuli which in turn arise in a definite order from her changing social 
environment. The workers, however, are capable of repeating only a por¬ 
tion of the female gamut, the primary series. In gyinecoid individuals there 
is also a tendency to take uj) the secondary serit's, but in most workers this 
has been suppressed by countless generations of nutri(‘ial castration. Tlie 
social insects of this type may be called gyuarolelir, to indicate that the 
female has })reserved intact the full series of sexual attributes inherited from 
her solitary ancestors. In these the }mmarv and secondary series were 
simultaneous or overlapped complet(‘ly, in the gymecott‘lic social insects they 
are extended over a longer p(Tiod of time and overlap only in ])art, as social 
life permits the extension of the secondary long after the j)rimarv series has 
lapsed into desuetude. It will be seen that the division of labor which led 
to the spacial differentiation of like females into workers and (pieens is 
clearly foreshadowed in the consecutive differentiation of instincts in the 
individual queen. 

The second groiq) of social insects is represented by the honey-bees and 
probably also by the stingless bees (JNieliponidie). In these insects only the 
secondary instincts are manifested in the queen, while the worker retains the 
primary series in full vigor and thus more clearly represents the ancestral 
female of tht* species. This type may therefore be called eryafntelic.^ 

The supjiression of the primary instincts in the (pieen lioney-bee was 
undoubtedly brought about by a change in the method of colony formation. 
When the habit of swarming su])erseded the establishment of (‘olonics by 
solitary queens, as still [)racticctl by the gvme(*otclic insects, the primary 
instincts of the female lapsed into abeyance or b(M;ame latent. This change 
took place so long ago that it has had time to express itself in the structure 
of the queen honey-b(*c as compared with the worker (shorter tongue and 
wings, feebler sting, degen(‘rate structure of hind legs, etc.). 


1 On the Foundinpr of Colonies by Queen Ants, etc., loc, cU. 

» rhe distinctirn of gyipcotelic and emitotelic types corresponds with Cook’s “orincinlM 
of matriarchy and erfratarchy” (The S^iaf Organization and-BUding Habit^of tlie ^ 
protecting Kclep of Guatemala. U S. Depart. Agric., Bull. Entoin., Tech. Ser es No 10 
p. 34). 1 hese terms aio objectionable because they imply an erroneous, not to saX^anthrnno 

morphic, conception of governing oi ruling on the part of the queen or workers ^ 
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The first of the following examples, which seem to indicate the occurrence 
of instinctive prior to morphological differentiation, shows at the same time 
how the ergatotelie type of the honey-bee arose from the gyna*cotelic type 
of the social wasps and bumble-bees. 

1. The queens of certain species of Formica (F. rufa, exsectoides, etc.) 
are no longer able to establish colonies without the cooperation of workers, 
I'he common method of colony formation among these insects is by a 
process of swarming like that of the honey-bee: a certain portion of the 
colony emigrates and founds a new nest with one or more of the queens. 
When this method is impracticable the young queen seeks the assistance 
of an allied species of Formira (F. jmea), the workers of which are willing 
to }X‘rform the same function tis those of her own species in rearing her 
brood. In F. rufa and cxsccfoidcs there is nothing in the stature or struc¬ 
ture of the (pieen to indicate the presence of tht^se parasitic instincts, but, in 
many of the allied species like F. ciliata^ moniigem, mkrogyna, etc., the 
colonies of which are smaller and no longer swarm, or do so only to a veiy 
limited extent, the queens have become more dependent on the workers of 
other species of Formka and have dt'veloped mimetic characters or a dwarf 
stature to enable them to enter and exploit the colonies of alien species. 

2. In many ants the* callows, or just-hatclied workc^rs, confine them- 
selvt's to earing for the larva? and pupa* and do not exhibit the foraging 
instincts till a later period. Hut even the adult workers may perform a 
single duty in the colony for long periods of time, if not indefinitely. Thus 
Lubbock,' and Viehmeyer,^ have observed in (*ertain nests of Formica that 
only certain individuals forage for the community. The latter has also 
noticed that c<Ttain other individuals, indistinguishable morj}hologically 
from their sister workers, staiul guard at the nest entrances. In other 
genera, like Camixmotus, Aiia, Phcidole, etc., with sp€*cies that have des- 
mergates, the morphological difrerentiation between foragers and guardians 
is still unsettled. It becomes completely established, however, in certain 
genera and speci(*s with the suppression of the desraergatt's. A remark¬ 
able example of division of labor without corresponding structural differ¬ 
entiation is seen also in the above-mentioned (Ecophylla, an ant which 
inhabits nests of leaves sewn together withr fine silk. According to the 
observations of Dod(P and Doflein,^ when the nests are torn apart the 
monomorphic w^orkers se]:)arate into two companies, one of Avhich stations 
itself on the outside of the nest, draws the separated leaves together and 

* Ants, Bees, and Wavsps. Revised ed.. New York, Appleton & Co., 1894, ])p. 45-47. 

2 Experimentelle llntersuchunKcn, etc., loc. rR., p. 3:^6. 

* Notes on the Queensland (ire<*n Tree Ant {(Ecuphylla smaragdma Fab.?). Victor. 
Natural., XVIII, 1902, pp. 136-140. 

< Beobachtungen an den Weberamelsen ((Ecophylla awaraiyrfma), Biol. Centralbl., XXV, 
1905, pp. 497-507, 6 «gs. 
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holds them in place with the claws and mandibles, while the other moves 
the spinning larvce back and forth within the nest till the rent is repaired 
with silken tissue. 

3. An interesting case is presented by the honey-ants (Myrmecocystus 
melliger and mexicanus). All the workers of these species, though vari¬ 
able in size, are structurally alike. Among the callows, how^ever, and quite 
independently of their stature, certain individuals take to storing liquid 
food, as I have found in my artificial nests of the latter species, and gradually 
in the course of a month or six weeks bec ome repletes, or plerergates. Ex¬ 
cept for this physiological peculiarity, which gradually takes on a morplio- 
logical expression, the plerergates and ordinary workers are indistinguish¬ 
able. We must assume, therefore, that the desire to store food represents 
an instinct specialization peculiar to a portion of the callow workers. There 
can be no doubt that as our knowledge of tlie liabits of ants j)rogresses many 
other cases like the foregoing will be brought to light. 

It may be maintained that in these cases physiologic*al states must prc'- 
cede the manifestation of the instincts, and that these states, howevcT inscru¬ 
table tht^y may be, are to be conceived as structural dilferentiations. There 
is undoubtedly much to justify this point of view. The elaborate sequence 
of instincts in the queen ant, for example, is accompanied by a series of 
physiological changes so ])rofound as to be macmscopical. Al'tcT the loss 
of her wungs, the wing muscles degenerate and the fat-body melts away to 
furnish nourishment for the ovaries, wdiich in the old queen become (enor¬ 
mously distended with eggs as the br(*eding season approacdujs. Sucli 
changes w^ould seem to be am})ly sufficient to a(*count for the changing 
instincts. As I have shown,* mere artificial deiilation at once alters the 
instincts of the qut^cn, probably through a stimulus analogous to that which 
leads to the atrophy of a muscle when its nerve is severeil, and in the case 
under consideration le.ads to the degeneration of the wing-muscles and to 
changes in the ovaries. 

In the inermitliergatiis and })seudogynes descrilMnl in the first part of 
this paper, tlie aberrant instincts may be referred to peculiar physiological 
states. Similarly nutricial (jastration itself, considered as an instinct, may 
be said to be the result of the physiological state of hunger. 'J''here is indeed I 
every reason to suppose that the worker, both in its ontogeiu'tic and }?hy- 
logcnetic development, is through and through a hunger-form, inured to 
protracted fasting. Miss Fielde has shown,^ that the workers of Campono- 
tus americarius may live nearly nine months without food, wdiich is as long 


1 On the Fourulinp of (’olonies, etc., loc. cit., p. 103. 

2 Tenanty of F^ife in Ants. IJiol. Bull., VTI, No. 6, Nov. 1904, p. 300; and ibul., Tempera¬ 
ture in the Development of Ants, loc. cit., p. 366. 
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as the much larger and more vigorous queens are known to fast while estab* 
lishing their colonies. The larvae of ants, too, are known to remain alive in 
the nests for months without growing. And even when food is abundant 
the workers appropriate very little of it to their individual maintenance but 
distribute it freely among their sister workers, the brood and queen. It 
is not improbable, moreover, that the single instinct peculiar to work¬ 
ers, the instinct to leave the nest and forage, is the direct result of a chronic 
state of hunger. 

Undoubtedly such physiological states arc neither more nor less mysteri¬ 
ous than those of man and the higher animals, in which they are universally 
recjognized as leading to changes in the instinctive and emotional life of the 
individual. We may not only concede the existence of physiological states 
in the above and many other cases, but we may also admit that this conces¬ 
sion is favorable to the hypothesis of psychophysical parallelism. On look¬ 
ing de('pcr into the matter, however, we find that our knowledge of the 
physiological states, and esj>e(*ially of their precise connection with the 
instincts, is (‘xtremcly vague and unsatisfactory. Furthermore, we are com- 
])ellcd to confess that even the simplest physiological reaction, the simplest 
reflex depending on the simplest of physiological statt‘s, such as the general 
irritability of all living matter, still involves a non-mechanical or teleologi¬ 
cal and therefore a psychological factor, to the understanding of which the 
hypoth(\sis of psychophysical parallelism (*ontributes nothing. The inter- 
j)r(*talion of organic behavior as the result of “trial and error” se>eins to have 
a valiK* in indicating that the teleological factor is a blind activity groping 
for the means with which to supply an organic need. But not only is this 
conception borrowed from psychology but it is thoroughly teleological, since 
the eventual selection and retention on the part of the organism of the })ar- 
ticular mode of reaction best suiteil to supply its needs, is incaj)able of a 
mechanical explanation. Of course, ‘teleology’ as applied to biological 
phenomena must not be understood in the sense of an altruistic or external 
teleology like the ‘design’ of theologians but is, as Pauly has shown,' an 
immanent and egotistical principle capable of gi'eat simplification in the 
lower biological units like the cells, without losing its essentially pur¬ 
posive character, 

Driesch,^ in his attempt to establish the autonomy of the vital processes on 
the basis of n^gnlatory phenomena in ontogeny, says: “A special problem 
which is calculated to lead to a parallelism between the instincts and on¬ 
togeny, may be briefly mentioned in conlcusion: the course of ontogeny may 


^ Darwinismus and Larnarckismus, loc. cit.t pp. 15-22. 

a Die “Seele" als Elementarer Naturfaktor, Leipzig, Willielrn Engclmann, 1903, p. 26. 
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be interfered with, but it regulates itself; and from the study of just such 
regulations important insight has accrued to morphology. Will it also be 
possible to bring about regulations in instinctive processes ? No definite 
answer can be given to this question at the present time.^’ He goes on to 
say that if they should prove to be capable of such regulations, the instinctive 
reactions would present further evidence of the autonomy of living organ¬ 
isms. 

It seems to me that there are, especially in the social inse(*ts, a few facts 
which point to such regulations in the sphere of instinct. When, for example, 
the firstling brood is removed from a queen ant that has just manifested her 
primary series of instincts, she will proceed to rear another brood, although 
under normal circumstances she would pass on to the purely secondary 
series of reactions. In this case the absence of a colony acts as a stimulus 
to produce a highly adaptive regulation, which is equivalent to a regenera¬ 
tion of the colony. If on the other hand the queen ant, wasp, or termite 
is removed from her colony, some of the remaining workers themselves 
become gynaecoid and function as substitutional queens, or in bees raise a 
new queen. A similar regulation of the personnel of the colony is also 
apparent in other cases, as when strange queens are adopted or the numeri¬ 
cal proportions of the different castes are regulated. If we accept Was- 
mann^s view of the production of pseudogynes in Formica nests infested 
with Lomechusini, the conversion of queen larvae into workers would be a 
splendid example of regulation. Such facts point to instinct as offering 
evidence as important as that of ontogeny in support of a vitalislic concep¬ 
tion. And even if my interpretation of the pseudogynes as the result of 
simple neglect and starvation be acce])ted, we still have an inUiresting case 
of regulation, for the pseudogynes of Formica, like the phthisergates of 
Pheidoh insiahilis and the mermithergates of Ph. commutata, are the result 
of a tendency to produce a symmetrical and adaptive whole out of formative 
materials that have been abnormally depleted, augmented, or disturbed in 
the course of their development through the action of parasites. 

In concluding this rather long discussion of polymorphism it is hardly 
necessary to point out that I have added little of constructive value apart 
from a few suggestions and a clearer definition of some of the problems 
involved in an extremely intricate subject. If I have succeeded in show¬ 
ing that the underlying problem is the same as that of all other biological 
phenomena, and that the social insects cannot be used to support any of the 
current mechanical conceptions of development, my object will have been 
achieved. 
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EXPLANATION OF PLATES. 

Plate I. 

Fig. 1. — Pheidole kingi Andre var. instabilis Emery. Soldier, Austin, Texas. 

Figs. 2-6. — Series of intermediate forms (desmergates) between the soldier and 
worker of Ph. instabilis. 

Fig. 7. — Typical worker of same. 

Fig. 8. — Dealated female of Ph. instabilis. 

Fig. 9. — Male of same. 

Fig. 10. — Orasema viridis Ashmcad. Female. Austin, Texas. 

Fig. 11. — Orasema viridis. Male. 

Fig. 12. — Orasema colorndensis Ashrnead. Female. Colorado Springs, Colorado. 

Plate II. 

Fig. 13. — Phthisergate of Ph. instabilis with veiy young Orasema viridis larva 
attached to the right side of the prothorax beneath the fore leg. 

Fig. 14. — Soldier semipupa of Ph. instabilis with O. viridis larva in second stage 
attached to the presternal region between the first and second pairs 
of legs. 

Fig. 15. — Female semipupa of Ph. instabilis with 0. inridis larva in the second 
stage attached to the pronotal region behind the head. 

Fig. 16. — Female semipupa of Ph. instabilis with O. viridis larva in the third 
stage attached to the presternal region. 

Fig. 17. — Female sernipiipa of Ph. fnstabihs with nearly mature 0. viridis lar\'a 
(shrunken by reagents) attached to the sternal surface between the 
middle and hind pairs of legs. From a sj)ecimcn mounted in balsam. 

Fig. 18. — Female pupa (phtliisogyne) of Ph. instabilis with O. viridis seinipupa 
in the pustulate stage, still attached in the position which it occupied 
as a larva. From a specimen mounted in balsam. 

Fig. 19. — Female pupa (phthisogyne) with 0. viridis semipupa in the pustulate 
stage, still attached to the sternal region. From an alcoholic specimen. 

Fig. 20. — Semipupa of 0. rmdis, viewed as a transparent object, showing the 
head, wings, and legs developing beneath the hood-like prothoracic 
mass. From a specimen mounted in balsam. 

Fig. 21. — Semipupa of O. inridis in a more advanced stage. From a specimen 
mounted in balsam. 

Fig. 22. — Pupa of female 0. vindis just before pigmentation, showing the promi¬ 
nent intersegrnental abdominal welts. 

Fig. 23. — Pigmented pupa of 0. viridis nearly ready to hatch. 

Fig. 24. — Phthisergate of Ph. instabilis viewed in profile as an opaque object. 
From an alcoholic specimen. 

Fig. 25. — Phthisergate of Ph. instabilis in ventral view to show the greatly atten¬ 
uated thorax, small projecting eyes, etc. 
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Fig. 26. — Phthisergate of Ph, instaHlis viewed as a transparent object to show" 
the urate masses in the gaster. From a specimen mounted in balsam. 

Fig. 27. — Nonnal worker pupa of Ph. imtabilis in profile. From an alcoholie 
specimen. 

Fig. 28. — Phthisergate of Ph. derdaUi Mayr. From an alcoholic specimen. 

Fig. 29. — Worker cocoon of Camponotus herculeanus ligniperdus var. novceboracen- 
8U Fitch, from northern Michigan, showing an enclosed pair of pupse 
of Pseudochalcura gibbosa Provancher near the anterior pole, and the* 
remains of the consumed Camponotus semipupa applied to the black 
meconial spot at the posterior pole. 

Figs. 30 -35.— Six larvae of Orasema viridis in the youngest stage observed, corre¬ 
sponding with the one shown in Fig. 13. 

Plate III. 

Fig. 36. — Pheidoloxenus wheeleri Ashmead. Female, taken from a colony of Ph. 
imtabilis at Austin, Texas. 

Fig. 37. — Pheuhle dentata var. commutata Mayr. Soldier. New Braunfels, Texas. 

Fig. 38. — Ph. commutata. Worker. 

Fig. 39. — Mermithergate of Ph. commutata, drawn to the same scjile as Figs. 37 and 
38; showing Mermis parasites in the distended gaster. The head of 
the ant bears occelli; the thorax is shaped like that of the soldier. 

Fig. 40. — Lateral view* of same mermithergate. 

Fig. 41.— Xenodusa cava Leconte, taken from a colony of Formtea schaufutisi var. 
incerta Pknery at Colebrook, Connccti(5ut. 

Fig. 42. — Formicji schaufussi Mayr. var. incerta Emery. Nonnal worker. Cole- 
brook Connecticut. 

Fig. 43. — Pseudogyne of F. incerta drawn to the same .scale as Fig. 42. 

Fig. 44. — Pseudogyne from the same colony as Fig. 43, showing a somewhat differ¬ 
ent confoniiation of the thorax. 

Plate IV. 

Fig. 45. — Pseudogyne of Myrmica rubra brevinodis Emery var. sulcinodoidcs 
Emery, with vestige of left fore wing, from Isle Royalc, Michigan. 

Fig. 46. — Thorax of same in profile. 

Fig. 47. — Thorax of normal worker of M. svXcinodoides. 

Fig. 48. — Thorax of p.seudogynic M. rubra scabrinodis Nyl. var. schcncki Emery, 
from Jeanette, Pennsylvania. This specimen has minute vestiges 
of both fore wing.s. 

Fig. 49. — Lateral view of same. 

Fig. 50. — Pseudogyne of Formica rufa obscuriventris Mayr. var. melanotica Emery, 
with well-developed mesonotum, scutelliim and metanotum, from 
Rockford, Illinois. 

Fig. 51. — Dorsal view of thorax of same. 

Fig. 52. — Pseudogyne of F. melanotica with more convex mesonotum, from the^ 
same colony as the specimen shown in Figs. 50 and 51. 

F’ig. 53. — Pupa of female Orasema caloradensis Ashm.; dorsal view showing the* 
arrangement of the pustules. 
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Fig. 54. — Lateral view of same. 

Fig. 55. — Pupa of female Pseudochdkura gibhosa Prov., from northern Michigan. 
Fig. 56. — Kapala floridana Ashmead. Female, from eastern Florida. From a 
specimen in the United States National Museum. 

Fig. 57. — Kapala floridana. Male, from eastern Florida. From a specimen in 
the United States National Museum. 

Fig. 58. — Isomeralia coronata Westwood. Female, from Pernambuco, Brazil. 

From a specimen in the United States National Museum. 

Fig. 59. — Lateral view of same. 

Fig. 60. — Dicorlothorax platycerus Ashmead. Female. After Ashmead. 

Fig. 61. — Scutellum of same, seen from above. After Ashmead. 

Fig. 62.— Eucharis sp. Male, from the fop of the Las Vegas Range, New Mexico 
(11,000 ft.). 


Pl.\te V. 

Fig. 63. — Phfidole instabilis] a, females (winged and dealated); e, male; o, sol¬ 
dier; c, workers; r, intermediates (desrnergates); m, Orasema viridis, 
female; n, male. X 2. 

Fig. 64. — Brood of Ph. instabili^; a, female larva' and pupa; e, male pupae and 
semi pupa; soldier pupa'; r, worker larvae and pupa?; r, pupa? of 

desmergates; m, 0. viridis, adult female, m\ pupa' and semipupse; 
V. male; n\ pupa? of same. X 3. 

Fig. 65. ~ Brood of Ph. instabihs. Letters as in the preceding figure; s, phthiser- 
gates. X 3. 

Fig. 66. Three female semipupa? (phthisogynes) of Ph. instabilu bearing lar\"a5 
of 0. nndi.s on their sternal surfaces. X 3. 

Fig. 67. - -Worker brood of Ph. in.'itabilis] c, nonnal worker pupie and semipupa?; 

t, phthisergates; r, intermediate (desmergatic) phthisergate. From 
specimeius mounted in balsam. 

Fig. 68. — Solcfiopsis moJesta rohdiuscula Emery; o, female; e, male; c, workers; 
w, Oranwia cohradrnsis, female. 

Fig. 69. — Brood of Pochycondyla harpax Fabricius. The lar\'ffi marked x each 
bear a lan’a of Metopina parhycondylce Brues; z. detached Metopina 
larva; v, puf)arium of Metopina; u, cocoon of Pochycondyla. 

Plate \T. 

Diagram to illustrate the relationships of the typical and atypical phases of ants. 
The three typical phases are placed at the angles of an isosceles triangle, the excess 
developments to the right, the defect developments to the left of a vertical line pass¬ 
ing through the middle of the diagram. The nonnal atypical phases are in ordinary, 
the pathological phases in italic type. The arrows indicate the direction of the 
affinities of the atypical phases. The phases arranged on the sides of the triangle 
are annectant, those radiating outward from its angles are new' departures showing 
• excess or defect characters. For definitions of the different phases see pp. 53 to 57. 
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Article II. ~ THE FISHES OF THE MOTAGTIA RIVER, GUATE- 

MALA.' 

By Newton Miller. 

During January, February, and March of 1905, I collected fishes in 
the Rio Motagua basin of GuatcniiJa from an elevation of 60 to 900 feet. 
I was the only member of a party of botanists and zoologists exclusively 
engaged in collecting fishes but received assistance from Mr. E. B. William¬ 
son, Mr. C. C. Dean, and Prof. J. Hines, three members of our party. 
I am much indebt(‘d to the authorities of the Ferrocarril del Norte de 
Guatemala and the Ferrocarril ("entral de Guatemala for kindness and 
valuable assistance. I am no less indebted'to Dr. C. H. Eigenmann 
under whose direction I made this collection and prepared this paper. 

In a recent {)aper (Fresh-water Fishes of Mexico) Meek has shoNvii 
that the North and South Am(‘rican faunas overlap in Mexico. The 
j)rime obj(*ct of my work in Guatemala was to determine to what extent 
the fauna of the Motagua basin contains representatives of the North 
and South Arnoric^ui faunas, rt‘spectively, and what is autochthonous. 

The Motagua basin has a general east-west trend from the Gulf of 
Honduras to within about 50 miles of the Pacific coast. Collections were 
made in tin* following localities: Tenedores, Los Arnates, Algeria, Gualan, 
Zacapa, and El Rancho. Other collections were made at Puerto Barrios 
and Santa Lucia not in the Motagua basin. 

Character of Collectixcj Stations. 

1. Stream at Edr/e of Puerto Barrios .— At the edge of Puerto Barrios 
a small stream emjities directly into the Gulf of Honduras. The water 
of this stream is dark, sluggish, and contains much dirt. The banks are 
low, overgrown wdth low elbow’ed bushes w’hich extend out over the w'ater. 
I collected only in the mouth of this stream where the bottom is composed 
of sand and mud. 

Altitude 0. 

2. Swamps West of Puerto Barrios.—Thv region WTst of Puerto 
Barrios for about 50 miles contains many sw’amps. The w^ater is very 
dark and full of decaying vegetable matter. About the edges of tlie'swramps 
is a dense growth of bushes and trees and in some cases the marginal 
water is full of water plants. The sw^amps examined are 2 to 3 miles west 
of Puerto Barrios and when examined were about 4^ feet deep. Seining 
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was almost impossible on aceount of logs and brush. Dynamite was 
used with very little success. 

Altitude 60 to 80 feet. 

3. Sulphur River ,— Sulphur River is a short stream emptying into 
the Bay of Honduras. Collections were made and miles west of 
Puerto Barrios near the railroad. In the upj)er part of the stream, 
miles west of Puerto Barrios at an elevation of 80 feet, the water is very 
warm, 32.2° C.^ and strongly charged with sulphur. The stream here 
has numerous small falls, the bottom being rocky and gravelly. 

Three and a half miles from Puerto Barrios, with an altitude of 40 feet, 
the water is much cooler and not so clear. The bottom here is sandy or 
solid rock with occasional large boulders. 

4. Rio Machara,^ four miles east of Tenedores .— This stream, a 
tributary of the Motagua, is about 45 feet wide, deep, swift, and with 
steep banks. Its bottom for the most })art is sandy. Very little brush 
and but few logs are lodged in it. Its course^ is through a growth of vege¬ 
tation, so dense that we had to cut our way through it to the stream. 

Altitude 64 feet; temperature 26° C. 

5. Rio Negro near Tenedores ,— Rio Negro is a small, sluggish, swamp 
stream tributary to the Motagua. The abundance of vegetable matter 
makes its water a dirty brown. It is deeply shaded for the most part by 
overhanging boughs and vines that trail over them. 

1 was not able to seine this stream at all on a(‘cr)unt of the brush in it, 
but I secured a few specimens with dynamite. 

Altitude 68 feet. 

6. Rio Tenedores of Tenedores .— Collections were made in this stream 
for a quarter of a mile from where it empties into the Motagua. Its wat(‘r 
was clear enough to show the bottom at a d(*pth of about two f(‘et. The 
river is not swift at this point. Above it is much more rapid. The bot¬ 
tom is sandy and for the most part free from brush. Seining would be 
easy but for the steep banks. Trees and shrubs are here few. The average 
width of the stream is about 40 feet and its depth in places 7 or 8 fec‘t. 
Cicfilids were taken in abundance, especially Cirhlnsoma spilurum. 

Altitude 85 feet; temperature 27° (\ 

7. Rw Kilagua at Los A mates .— The water of this tributary of the 
Motagua is ordinarily clear, but becomes very muddy for a short time 
after a rain. The bottom is sandy. The banks are stee[), with dense 
vegetation up to their edges. Vines overrun the trees and hang down 
into the water in places. These vines often catch brush and form a drift 
in the stream about which some s])ecies of Ciehlid are more abundant 

’ Machacais the narnej^iven ])y the nativp.s to the larg:p.st of the fresh-water fishes, Brycon 
dentrx, and on account of its ahundance in this stream, the stream ha.s been called Machacu. 
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than elsewhere. Collections were made by setting a seine across the 
river below one of the drifts and then dynamiting the place. The water 
is swift enough to wash the dead and stunned fishes into the net. Astya- 
nax ceneus was the only species taken in abundance from this river. 

Altitude 2G0 feet; temperature 2G.5® C. 

8. Pond North of Los Amates .— A large pond was discovered about 
half a mile northeast of Los Amates. Its water contains vegetable matter 
in abundance. All about the pond are palms and large trees. Weeds 
and water plants grow out into the pond to a depth of about foui feet, 
leaving only about GO feet of the central portion of the pond free from plants. 
Seining here was a difficult matter. We succeeded in getting a few speci¬ 
mens of Xiphophorus helleri and Belonesox bclizanus. 

Altitude* 2G0 feet; temperature 27° C. 

9. Rio Managua at Algeria .— This river is swift with now and then 
<leep holes that can be sein<‘d. The bottom is either gravelly or sandy. 
Landing }daces are good. In some places there is so much drifting sand 
(liat it fills the seine; in other places are large boulders. Algeria is near 
tlu* mountains an<l tlie stream is here practically a mountain torrent. 

Altitude 2<S0 feet; temperature 2G.5° C. 

10. Rio (lualav at Gunlan .— This river, a tributary of the Motagua, 
is a mountain torrent, with few pools that are waist deep. Its water is 
clear and swift, so swift indeed that a forty-foot seine can scarcely be 
stretclu'd across it. No mud bottom was found in the river proper. The 
bottom is covered with pebbles or small boulders, about the size of a man^s 
fist. No brush was found in this stream at all. Fishes ai*e few in this 
river both in species and individuals. 

More species were taken from a small fork of the Rio Gualan whose 
water was clear and sluggish than from the riv(*r proper. This stream 
flows through a field, is about 15 feet wide and has deep pools and sandy 
bottom. Ilcterandria Ivfzi and Pwcilia sphenops^ abundant. 

Altitude 430 f<‘et; temperature 20.5° C. 

11. Rio Moiagua at Gualan .— The Rio Motagua is a mountain 
stream from here to its source. Its water is not very clear. The bottom 
consists of sharp jagged rocks in places, or is sandy or sandy witli large 
boulders. The water was so swift and deep that we were able to seine 
only in eddies. Vegetation about the river is not dense. This region is 
in an arid condition during the dry season. 

Altitude 430 feet; temperature 2G° C. 

12. Rio Motagua at Zacapa .— The Motagua here is rather clear, 

swift and deep. Its bottom is rocky in some places and sandy in others. 
The river is so swift and deep that we w’^ere able to take specimens only 
[February, taor.l 7 



98 


Bulletin American Museum of Natural History. [V^ol. XXlll^ 


from a branch of the river where it flows ])ast an island. Surroundings, 
similar to those at Giialan. 

Altitude 600 feet; temperature 26.5° C'. 

13. Rio Motagua at El Ranch/). — The river at this point is very swift 
and full of sand tliat is washed about continually. Its width averages, 
about 60 feet. A satisfa(*tory haul of the seine was impossible on account 
of the sand suspended in the water. Dynamite was used to little advan- 
tage. The region is almost a desert from January first to Juno first. 

Altitude 900 feet; temperature 25.5° C. 

14. Spring at Santa Lucia. — This town is on the western slope 
along the Soutliern railroad. A few specimens were taken from a small 
spring that had almost dried up. 

Altitude 1045 feet. 

The Sources of the Motagua River Fjsh Fauna. 

The chief object in making this collection was to determine to what 
extent the fauna of the Motagua River is relat(Ml to that of North and 
South America. Meek lias sliown tliat the North American fauna has 
forced its way southward at least as far as the Isthmus of Tehuantepec. 
Thus the river Papaloapam, emptying into the Gulf of Mexico from the 
Isthmus of Tehuantepec, liarbors 37 sjn'cies, four of which represent 
North American types. Of the 27 species taken from the Motagua system 
none represent the North American fauna; South America is represented 
by three genera of Characins each with a very wide distribution in 
Central and South America, a Gymnonotid universally distributed in 
the lower levels of tropical America from the Motagua to the La Plata; 
Si/mhranrhiis rnarnioratvs which has even a wider distribution; a catfish, 
RJiarrulia godmanl^ of a genus \\ith a universal distribution in tropical 
America; eleven ("ichlids whose centre of distribution is the Orinoco 
River. The Cichlids have undergone numerous local adaptations in 
Central America wln^re the genera 0ichlasoma, Th/)richthys, and Herns 
have their principal location. 

The remaining species are either derivitives from the sea direct or 
belong to the Middle American types of Gobiidte and Pcecilida^. I have' 
given the distribution of each genus occurring in the Motagua basin to 
show the relation of the Motagua region to the general fauna. 

I have included in this pat)er 5 species not taken from the Motagua 
system. These are: (hrk/asoma glohosum. and Gambusia nwaraguensis 
from the brackish waier about Puerto Barrios; Cichlasoma nehuliferum 
and Heros salvini from Sulphur River near Puerto Barrios; Heteramlria 
pleurospilus from a spring at Santa LiK*ia on the western slope. 
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Fishes recorded from the Motagua Basin not in my Collection. 

a, Heros oblongus (non Casteln.); Gunther, Trans. Zool. Soc., VI, 
1869, p. 464; Jordan & Evermann, Fishes of North and Middle America, 
1535, 1898. 

Cichlasoma giintheri Pellegrin, Mem. Soc. Zool. France, XVI, 1903, 
215 (1894); Regan, Ann. and Mag. Nat. Hist. (7), XVI, 233, Aug. 1905, 
(Rio Motagua). 

b. Rhamdia moiaguensis (iiinther. 

As nothing is known of the variability of the tropical fishes I have in 
most cases made extensive tables of measurements which are summarized 
under the respective species. 


SILURID/E. 

This family is represented by about 25 species in the fresh waters of 
North America and by over 200 species in tropical America. Those of 
North America belong to a different subfamily from those of South 
America. 

Rhamdia Blceker. 

Geographical distribution: streams south of Vera Cruz» Rio Motagua 
system, rivers of Panama, and southward to western Peru and the Rio de 
la Plata. 


1. Rhamdia godmani (Gunther), 

Pimelodus cinerascens Kniou & Steindachner, Abh. Bay. Ak., X, 49 (not of 
Gunther). 

Pimelodus godmom GCntiier, Cat. Fish. Brit. Mus., V, 1864, 124 (Lower Vera 
Paz; Rio Motagua; Mexico). 

Rhamdia godma^ii Jordan <fe Evermann, Fishes of North and Middle America, 
I, 152, ]8f6. 

Pimelodus wagneri GCnther, Fishes Cent. America, 393 and 494, 1866 (Pacific 
and Atlantic rivers of Panama); Steindachner, Flussfische Rudamerikas, I, 14, 
1879 (Mamoni river near Chepo). 

Rhamdia wagneri Eioenmann & Eigenmann, Proc. Cal. Acad., 2d Ser., I, 128, 
1888 (Gorgona; Rio Chagres; Rio Obispo; Turbo; Atlantic Coast Cent. Am.; 
Jordan & Evermann, Bull. 47, IT. S. Nat, Mus., 18r6 150; Evermann & Golds- 
BOROUGH, Bull. U. S. Fish Comm., 1902. 146 (Teapa and Frontera, Tabasco); Meek, 
Fishes Mexico, 1904, 22 (Teapa and Frontera, Tabasco). 

Rhamdia hransfordii Gill, Proc. Acad. Nat. Sci. Phila., 1876, 337 (Panama). 

D. 7 to 9; A. 9 to 11; head 3.2 to 4.1; depth 4.7 to 5.5; eye 4.5 to 6.7 in the 
head, 1.8 to 4.3 in the interorbital; snout 2.1 to 3.1 in the head; distance from tip 
of snout to dorsal 2.5 to 2.9 in the body; base of adipose 2.5 to 3.2 in the body; 
maxillary barbel 1.3 to 2.1; mental barbels 3.1 to 6. * 
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Numerous specimens; maximum length 28.9 cm. Specimens taken 
from a deeply shaded brook at Los Amates are of a much lighter color 
than those taken from the rivers of the same locality and the swamps a 
few miles from Puerto Barrios. This species was taken from swamps 
and eddies of streams. It was taken only from places where the bottoms 
are muddy. 

The northernmost record of this species is Teapa and Frontera, Mex¬ 
ico, and the southernmost Chepo, Panama. Thus it apparently is strictly 
a ("entral American fish and is found on both the eastern and western 
slopes. 

My sj)ecimens were taken from Rio Motagua, Algeria; Rio Kilagua, 
Los Amates; brooks and swamps, Los Amates; Rio Tenedores, Tene- 
dor<\s; swamps and streams two miles west of Puerto Barrios. 

CIIARACTNID.F. 

The Charaeinidie are confined to Africa and South and Central Amer¬ 
ica; a few species, belonging to five genera, have entered Middle America, 
one of them reacliing the Unites 1 States. They range southward to the 
Rio Negro, Patagonia, on the east and Puerto Mont, southern Chile, on 
the west. 


Hemigrammus Gill 

Geographical distribution: Paraguay basin, Rio Grande do Sul, Rio 
San Francisco basin, Amazon, Orinoco, rivers of Trinidad, Rio Motagua 
basin and basin of Pa[)aloapam. 

2. Hemigrammus compressus Meek. 

llemigrammits compressuft Meek, Freshwater Fishes of Mexico, 87, 1904 (El Rule, 
Oaxaca, in the basin of the Papaloapain). 

D. 9 to 11; A. 26 to 27; head 3.3 to 3.5; depth 2.5 to 2.7; snout 3.6 to 4.5 in 
head; eye 3 to 3.9 in head, .9 to 1 in hitcrorbital; longest dorsal ray 1.1 to 1.3 in 
head; length of caudal peduncle 2.8 to 3.2 in head. 

This species has been taken only at EMiulc and Oaxaca in the Papalo- 
apam basin by Meek, and at I^s Amates in the Motagua basin by myself. 
My specimens were taken from swamps near Los Amates. The largest 
specimen is 3.9 cm. long. One taken Jan. 17, contains eggs. 

Astyanax Baird & Girard. 

Greographical distribution: all streams of the eastern slope of South 
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America north of Patagonia; Pacific slope from Peru to the Rio Motagua 
system and Mexico. 


3. Astyanaz ssneus {Gunther), 

Tetragonopterus wneus GCnthkr, Proc. Zool. Soc., 1860, p. 319; GOntheii, Cat, 
Fishes Brit. Mus., V, 326, 1864 (Oaxaca). 

D. 10 to 11; A. 26 to 28; scales 7 to 8-35 to 37-6 to 8; head 3.8 to 4.1; depth 
2.5 to 2.9; eye 3.1 to 4 in head; length of caudal peduncle 8.4 in body. 

Numerous specimens; maximum length 11.6 cm. This species was 
taken in water varying from swift clear streams to swamps full of decaying 
matter. It is the most abundant of the species taken in Guatemala. 
Wherever other fish were found, except in brackish water, it was found. 
Of the specimens opened none contained mature eggs; the spawning 
season of this species is later than March, probably during the early part 
of the rainy season. 

Specimens were taken from: Rio Motagua, El Rancho, Zacapa, 
Gualan; Rio Managua, Algeria; Rio Gualan, Gualan; Rio Kilagua, 
Los Ainates; Rio Tenedores, Tenedores; swamps, Los Amates; Sulphur 
River, Puerto Barrios. 


Brycon Millier tt- Troschel. 

Geographical distribution: La Plata to the Rio Motagua basin, in¬ 
clusive, in all stnuuns. Western Peru, Ecuador, and Panama. 

4. Brycon dentez Gunther, 

Brycon denlex GCntheu, Proc. Zool. Soc. Loud., 240, 1860 (Esnioraldas); E. 
& E., Proc. XT. 8. Nat. Mus., XIV, 1891, 55; Eioenman.n, Proc. U. S. Nat. Mus., 
XVI, 56, 1893; Johdan & Evehmann, Fishes of North and Middle America, I, 337, 
1896; Botjlenoeu, Boll. Mus. Torino, XIII, 3, 1898 (Rio Peripo). 

Chalcinopsia dentex GOnther, Cat. Fish. Brit. Mus., V, 337, 1864 (Esineraldas; 
Rio Motagua; Rio Usuniacinto; Yzabal); Gill, Proc. Phila. Acad. Sci., 188, 1877 
(Lake Nicaragua). 

D. 10 to 12; A. 28 to 37; scales 10-52 to 62-7 to 8; head 3.7 to 4.5; depth 2.9 
to 3.9; eye, with adipose lid, 2.2 to 3.9 in the head, .9 to 1.7 in the interorbital; 
snout 3 to 4.5 in the head. The wide range of these measurements is due to the 
difference in the ages of specimens exatnined 

Specimens abundant; maximum length 42.4 cm. This species was 
not taken in swamj)s nor very sluggish streams. It seems to prefer rather 
swift, deep, clear water. Specimens taken March 3 had mature eggs. 
These arc the largest strictly fresh-w^ater fishes taken from the Motagua 
system. They go in schools similar to our suckers and in dynamiting 
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the rivers I was successful with only a few shots in getting any. With one 
charge I got a school of twenty or more three- to four-pound Machacas. 

Localities: Rio Motagua, El Rancho, Zacapa, Gualan; Rio Gualan, 
Gualan; Rio Managua, Algeria; Rio Kilagua, Los Amates; Rio Tene- 
dores, Tenedores; Rio Machaca near Tenedores; Sulphur River near 
Puerto Barrios; Brook near Los Amates. 

GYMNOTID.E. 

This family, consisting of about thirty species, is confined to the fresh- 
waters of tropical America. Only one species ranges into Middle America. 

Oymnotus Linnceus. 

Gymnotus Linnaeus, Syst. Nat., ed. X, 246, 1858 (carapo). 

Campus Cuvier, lldgne Animal, ed. I, 237, 1817 (in part); MCller & Troschbl, 
Horse IchthyoL, HI, 13, 1845 (restricted to fasdaius) [not Campus^ Rafinesque]. 

Giton Kaup, in Dum^ril, Aiialyt. Ichth., 201, 18.56 (fasdaius). 

Type: Gijmnoim carapo I.^inna'us. 

Geographical distribution; Rio Motagua south to the Rio de la Plata. 

5. Gymnotus carapo Linnwus} 

CaropoMAucGii., Hist, Pise., 170; Willoughby, Hist. Pise., 115, tab. G7, fig. 4. 

Gymnotus Seba, Tliesaur., Ill, tab. 32, fig. 1. 

Gymnotus carajm Linn.isits, Syst. Nat., ed. X, 246, 1858; ed. XII, 427, 1766; 
Hix)ch, V, 59, tab. 1.57, fig. 2. 

Gymnotus fasciatus Pall.\s, Spicil. Zool., VII, 35; Schomburgk, Fishes of Guiana, 
184,'pi. 19, 1843 (Guiana). 

Carapus fasciatus ('uviku, Rc^gne Animal, ed. I, 2.37, 1817; Muller & Troschel, 
Hone Ichthyol., Ill, 13, 1849; Casteenau, Anim. Amer. Sud, 85, 1855 (Amazon); 
Kaup, Apod., 139; Strindachner, Die Gymnotida?, 13, 1868 (Cai^ara; Cuyaba; 
Marabitanos; Surinam; Matto Grosso); Gi'Nther, Cat., VIII, 9, 1870 (Capin; 
Bahia; Surinam; British Guiaim; Essequibo; Berbice; Trinidad; Is. Grenada; 
Hio Motagua); Hensel, Wiegni. Archiv, 89, 1870 (Guahyba; Porto Alegre); Cope, 
Proc. Am. Philos. Soc., 1870, 570 (Pebas); Cope, Proc. Acad. Nat. Sci. Phila., 1871 
(1872), 257, (Ambyiacu); LOtken, Velhas Flodens Fiske, 247 and xix, 1875 (Rio 
das Velhas; Lagoa Santa and Rio San Francisco); Cope, Proc. Am. Philos. Soc., 
1878, 682 (Peruvian Amazon); Boule''Iger, Proc. Zo5l. Soc., 1887, 282 (Canelos); 
Eigenmann & Eigenmaistn, Proc. U. S. Nat. Mus., XIV, 1891, 62; Perugia, Ann. 
Mus. Civico Storia Nat. Genova, 2nd Ser., X, 56, 1891 (Central Chaco); Eigenmann, 
Ann. N. Y. Acad. SJei., VII, 1894, 626 (Brarot); Eigenmann, 1. c., 635 (Rio Grande 
do Sul); Cope, Proc. Am. Philos. Soc., 1894, 93 (Rio Grande do Sul); Boulenger, 
Boll. Torino, X, 3, 1895 (Colonia Risso and Villa Rica, Paraguay); Boulenger, 
Ann. Mus. Civico Genoa, 1898, 127 (Puerto, 14 de Mayo). 

'This is not the Siemovygue carapus of Gflnther and other recent authors but their OUon 
fasciatus. The carapus of GUnther et al, is the Oymnotus macrurus Bloch & Schneider. 



104 


ByUetin American Museum of Natural History, [Vol. XXIII, 


OiJton fasciatus Kaup in Dum^ril, Analyt. Ichthyol., 201, 1856; Jordan & Ever- 
MANN, Fishes North and Mid. Amer., 340, 1896 (Guatemala to Rio de la Plata); 
Eigenmann & Kennedy, Proc. Acad. Nat. Sci. Phila., 1893, 530 (Estancia, La 
Armonia; Campo Grande; Arroya Trementina); Eigenmann <fe Ward, Proc. Wash. 
Acad. Sci., 177, 1905, pi. x, fig. 15. 

Gymnotus alhus Pallas, Spicil. 2k)ol., VII, 36 (Surinam); Bloch & Schneider^ 
623, 1801. 

Carapus alhus Kaup, Apod., 140, 1856. 

Gymnotus brachyurus Bloch, Taf. 157, fig. I, 1787. 

Gymnotus putaol LAc^:pi:DE, Hist. Nat. Poiss., II, 176, 18fK). 

Gymnotus carapo Bloch & Schneider, 521, 1801. 

Carapus brachyurus Cuvier, R^gne Animal, 1, 237, 1817. 

Carapus inceguilabiatus Valenciennes, in d'Orb. Voy Am. Merid., Poiss., II, 
pi. xiv, 1847 (La Plata). 

Body much elongate, its length 8.1 to 9.8 times its depth; head 8.2 to 10 in body; 
snout 2.8 to 8 in head; intcrorbital 2 to 2.7 in head; jxictoral 2 to 2.7 in head. 

Many sfieciinens; females, taken about Feb. 20, with eggs; largest 
specimen 20 cm. I found them abundant in a deep })ool in a small, very 
shady stream. The pool was well supplied with vegtdable matter. 

lyocalities: swamps and a small sluggish stream near Ia>s Amates; 
swamps 2 to 4 miles west of Puerto Barrios. 

PQ^CILIDiE. 

A large family of fresh and brackish-water fishes of southern Europe,. 
Africa, Asia, and AmeTica where they are especially abundant in the West 
Indies and Middle America. They range north to Cape Cod and south to 
the La Plata. 

Rivulus Poey. 

Geographical distribution: Cuba; United States; Central America and 
South America to Paraguay. 

0. Rivulus elegans Sfeindachner. 

Rivulus elegans Steindachner, Denk. AK. Wien, XLII, 85, extr. p. 33, pi. vi, 
fig. 6, 1880; Jordan, Proc. U. S. Nat. Mus., IX, 564, 1887; Eigenmann, Proc. U. S. 
Nat. Mus., XIV, 64, 1891; Garman, The Cyprinodonts, 138, 1895. 

D. 8; A. 12 to 13; scales 10-36 to 38; head 3.8 to 4.4 in body; depth 4.3 to 5.7; 
snout 3.2 to 7 in head; eye 2.8 to 4.6 in head, 1.5 to 2.2 in interorbital; least depth 
of caudal peduncle 1.4 to 2.2 in head; pectoral 1 to 1.5. 

All my specimens were taken from brooks about Los Amates. Maxi¬ 
mum length 5.3 cm. 



1907.] MiUeTf Fishes of the Motagm River, 105 

PseudoziphophoniB Bkeker. 

Geographical distribution: Eastern slopes of Mexico from Jalapa to 
the Isthmus of Tehuantepec up to an altitude of 6(X) feet; Guatemala. 

7. Pseudoxiphophoras bimaculatus (Heckel), 

Xiphophorus bimaculatus Heckel, SB. Akad. Wiss. Wien, 196, 1848 (Mexico). 

Pseudoxiphophorus bimaculatus (ICntheh, Oat., VI, 332, 1866; Garman, Mem. 
Mus. Comp. Zo()l., XIX, 1895, 81, pi. iii, fig. 6 (teeth), pi. viii, fig. 9 (male), (Mexico); 
WooLMAN, Bull. U. S. Fish. Comm., 1894, 65 (Rio Blanca, Orizaba); Jordan & 
Evkkmann, Bull. 47, U. S. Nat. Mus., 1898, 541 (Mirador); Meek, Field Col. Mus. 
Pub. 65, 1902, 98 (Jalapa); Meek, Fishes of Mexico, 127, 1904 (Jalapa, Xico, 
Cordoba, Otopa, Matzorongo, El Rule, Sanborn). 

Pcecilioides bimaculatus Steindachneu, SB. Akad. Wiss. Wien, 1863, 176. 

Pseudoxiphophoms reticulatus Troschel, Muller’s Reise Mexico, III, App. 638, 
1865 (no locality); GCnther, Cat., VI, 3.33, 1866; Jordan & Gilbert, Synopsis, 
.344, 1883. 

I). 10 to 17; A. 9 to 11; scales 9 or 10'28 to 30; head 3.2 to 4.1; snout 3 to 3.8 
in head; eye 2.8 to 4.7 in head, 1.4 to 2.5 in interorbital; length of caudal peduncle 
1.4 to 2.1 in head; depth 3.1 to 4.5 in body; anal cJ' 2 to 2.3 in body. Color varies 
from a light to a dark brown. 

Many specimens; maxirmmi length 8.8 cm. One female 8.8 cm., 
taken Feb, 7, contained 52 young .9 cm. long. All of my specimens were 
taken either from swamps or sluggish streams. Meek found it hi swift 
stnuims. 

Ixicalities: irrigating ditch west of CTiialan; swamps and their outlets 
1 to 2 miles west of Puerto Barrios; brook and swamps near Los Amates. 

Gambusia Poey. 

Geographical distribution: Cuba; Guatemala north to the southern 
United States. 


8. Gambusia nicaraguensis Gunther. 

Gambusia nicaraguensis GI^nther, Cat., VI, 336, 1866 (Lakes of Nicaragua); 
Jordan & Evkkmann, Bull. 47, U. S. Nat. Mus. I, 682, 1898 (Lakes of Nicaragua). 

D. 7 to 8; A. 10 to 11; scales 9-27 to 30; head 3.4 to 3.8; depth 3.8 to 3.6; 
snout 3 to 4 in the head; eye 2.7 to 3.5 in head, 1.3 to 2 in interorbital; least depth 
of caudal peduncle 1.4 to 1.7 in head; pectoral 1 to 1.1 in head; anal of males 3 to 3.3 
in body. Color olivaceous; caudal dusky with or without bands of dots. The dots 
are usually in two vertical rows. 

Number of specimens 25; maximum length 4.6 cm. Females taken 
Feb. 19, contain eggs which show no sign of young. My specimens were 
all taken from brackish water near Puerto Barrios. 
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Belonesox Kner. 

Geographical distribution: Southern Mexico, Honduras, Lake Peten 
and rivers of Guatemala. 


9. Belonesox boMsanus Kner. 

Belonesox belizanus Kner, SB. Akad. Wiss. Wien, 1860, 419 (Belize); GI^nther, 
Cat., VI, 33, 1866 (Mexico, Lago de Peten); Jordan & Gilbert, Synopsis, 345, 
1883; Garman, Mem. Mus. Comp. ZoOl., XIX 1895, 80 (Mexico); Jordan & Ever- 
MANN, Bull. 47, U, S. Nat., 18C6, 684 (southern Mexico, Honduras and Guatemala); 
Meek, Fishes of Mexico, 1904 (Boca del Rio, Otopa, El Hule, Obispo, Perez). 

D. 9 to 11; A. 10 to 11; scales 15 to 17-40 to 52; head 2.7 to 3; depth 4.4 to 
6.6; snout 1.3 to 2.1 in head; eye 4.8 to 6.6 in head, 1.2 to 1.6 in interorbital; upper 
surface of premaxillary 3 to 3.6 in head. 

This sjiecies swims near the surface of the water. If disturbed, it dives 
down to come up a few feet away. It swims so close to the surface that in 
dynamiting I was able to stun only one sufficiently to procure it. As soon 
as the water is quiet after a charge, these fishes gather around to feed on the 
small fishes killed, \^'hen swimming near the surface, their eyes sIjow like 
pearls against the dark water. The eyes are always first to attract the 
attention and sometimes they are seen distinctly when the rest of the fisli is 
.scarcely visible. 

One female contained young 1.5 cm. long. Maximum length of female 
15.4 cm.; male 11.5 cm. About 30 specimens. This species prefers 
swamps and the eddies of streams. 

Localities: swamps east of Los Amates; swamps 2 miles west of Puerto 
Barrios; Rio Tenedorcs, Tenedores: Rio Managua, Algeria; Rio Negro, 
Tenedores. 


Heterandria Agassiz. 

Geographical distribution: Cuba and Mexico to the Amazon. 

10. Heterandria pleurospilus {Gunther). 

Girardinus pleurospUus GCnther, Cat., VI, 355, 1866 (Lago de Duenas); 
GxjNther, Fishes of Central America, 486, pi. Ixxvii, fig. 1, 1869 (Lago de Duenas, 
Guatemala). 

Heterandri/i pleurospilus Jordan & Evermann, Bull. 47, IT. S. Nat. Mus., 688, 
18€6 (Guatemala); Meek, Fishes of Mexico, 148, 1904 (San Geronimo). 

D. 7 to 8; A. 8 to 9; scales 7 to 8-28 to 29; head 4 to 4.3; depth 3.6 to 4.3; 
snout 3.5 to 4 in head; eye 3 to 4 in head, 1.4 to 2 in interorbital; depth of caudal 
peduncle 1.4 to 2 in head, 1.8 to 2.2 in its own length. 
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I found this species in a spring on die western slope at Santa Lucia. 

11. Heterandxia lutsi Meek, 

Heterandria lutzi Meek, Field. Col. Mus. Pub. 65, 1902, 106 (Oaxaca; Cuicatlan; 
Venta Salada); Meek, Fishes of Mexico, 148, 1904, fig. 47 (Matzorongo; Otopa; 
El Hule; Perez; Tehuantepec). 

D. 7 to 8; A. 8 to 9; scales 8i to 9i-25 to 30; head 4 to 4.7, depth 3.1 to 3.7; 
snout 2.2 to 4.8 in head; eye 2.8 to 4.3 in head, 1.4 to 2 in interorbital; greatest 
depth of caudal peduncle 1.1 to 1.4 in the head; pectoral 1 to 1.2 in head; abdomen 
turns black in preserved specimens; 9 to 13 spots on sides; males about half the 
length of females. 

These little fish were taken in abundance in sluggish streams and eddies. 
Females taken Jan. 13, have young almost ready to be bom. Numerous 
specimens; maximum length 8.7 cm. 

This species was taken from the Rio Motagua, Gualan; Rio Gualan, 
Gualan; Rio Managua, Algeria. 

Poscilia Bhch d* Schneider, 

Geographical distribution: West Indies, Mexico to Ecuador and Mon¬ 
tevideo. 


12. Poecilia sphenops (Juvikr & Valenciennes. 

PoEcilia sphetiops Cuviek & Valenciennes, Hist. Nat. Poiss., XVIII, 130, 1836 
(Vera Cruz); (Jauman, Mem. Mus. Comp. Zool., 1895, 59, pi. iv, fig. 13 (Mexico and 
Central America); Jordan & Evermann, Bull. 47, U. 8. Nat. Mus. 694,18G6; Meek, 
Fishes of Mexico, 153, fig. 49, 1904 (San Juan river, Monterey). 

Molicrwsi/i fasciala MCjlleu <fe Troschel, MB. Akad. Wiss. Berlin, 36, 1844 
(Mexico). 

Gambiuda rnodesia Troschel in Muller, Rcise in Mexico, III, 639, 1865 (Mexico). 

Gambusia plumbea Troschel, ibid.^ Ill, 640, 1865 (Mexico). 

Pascilia mexicana Stkindachner, SB. Akad. Wiss. Wien, 1863, 178 (southern 
Mexico); Jordan & Evermann, Bull. 47, U. S. Nat. Mus., 1896, 692; Bean, Proc. 
U. S. Nat. Mus., 1898 (Santa Maria, Vera Cruz). 

Poecilia Hmantouri Jordan & Schneider. Bull. U. S, Fish Comm., 1900, 129, 
fig. 10 (Rio Tamesin, Tampico); Jordan & Evermann, Bull. 47, U. S. Nat. Mus., 
1900, 3153; Meek, Field Col. Mus. Pub. 65. 1902, 106 (Puente de Ixtla; Balsas; 
La Antigua); Fowler, Proc. Acad. Nat. Sci. Phila., 1903,320 (Victoria, Tamaulipas). 

D. 8 to ID; A. 8 to 9; scales 9 to 11-26 to 29; head 3.5 to 4.4; depth 2.8 to 3.4; 
snout 2.2 to 4.5 in head; eye 3.2 to 4.2 in head, 1.4 to 2.2 in interorbital; least depth 
of caudal peduncle 1.1 to 1.6 in head; pectoral 1 to 1.2 in head; anal of males 1.2 
to 1.4 in head. Color dusky brown with cream colored under parts; these colors 
are uniform in about one-third of my specimens, in the remainder there is a dark or 
sometimes a golden spot on the base of each scale. These spots occur on the scales 
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from the dorsal down to the 5th or 7th row; some specimens have a dark caudal 
spot, others a profusely blotched caudal and others have their caudal plain or evenly 
dusky. 

Many specimens; maximum length 11.4 cm. These fishes while 
taken from almost all of the streams were most abundant in the sluggish, 
mud-bottom streams. Females bikcn Feb. 10, have well developed young, 
9 mm. long. 

lioealities: Rio Motagua, Zaeapa, Gualan, El Rancho; Rio Gualan, 
Gualan; Rio Managua, Algeria; Rio Tenedores, Tenedores; spring, 
Santa Lucia, Brackish water and swamps two to five miles west of Puerto 
Barrios. 


13. PacUia armtes sp. nov. 

(Fig- 1.) 

Tyi)c no. 11375, I. U Mus.; female; length 5 cm.; Los Amates. 

Cotype; no 11375a 1 U. Mus.; male; length 3.6 cm.; Tios Amates. 

D. 8 to 9; A. 8 to 9; scales 8 to 10-26 to 28; head 3.1 to 3.9; depth 2.5 to 3.3; 
snout 3.4 to 4.5 in the head; eye 2.3 to 3.3 in the head, 1 1 to 2 in the intcrorbital; 



Fig 1. Poecilia amates hp. nov., nat. size. 


least depth of caudal peduncle 1.1 to 1.8 in the head; pectoral 1 to 1.3 in the head; 
anal of males 2 to 2 2 in the body; body compressed and rather deep, more elongate 
in young; (x)lor obivaceous or dusky brown, lighter below; some specimens, esjw- 
cially the males have as many as 9 vertical lines on sides; verti(;al lines on females 
indistinct or none. 

Description of a 3.5 cm. female; length of body 2 6 cm.; D. 8; A. 9; scales 9-27; 
head 2 2; depth 2.9; snout 4 in head; eye 2.7 in head, 1.3 in interorbital; least 
depth of <!audal peduncle 1.6 in head; pectoral 1.1 in head. Body compressed and 
rather deep; profile to insertion of dorsal almost straight, very slightly raised just 
back of nape; from origin of dorsal to base of caudal (concave; from anal to base 
of caudal very nearly straight; from tip of lower jaw to below middle of pectoral 
a unifonn curve; head fiat, wedge-shaped; snout square; premaxillary very pro¬ 
tractile; lower jaw vertical, weak and projecting; maxillary not nearly to vertical 
from eye. Caudal peduncle long, its length 1.4 times its depth; eye rather large, 
nearer snout than to edge of opercle; pupil on level with tip of snout. Dorsal in¬ 
serted midway l>etween ventral and anal, its base short-, 2 in the head, its rays 1.4 
in head; caudal large, broad and rounded, its depth equal to its length; anal acute, 
inserted under middle of dorsal, its longest rays 1.4 in the head. Ventrals inserted 
under middle of jxjctorals, acute, their tips to base of anal. Pectorals almost to ver¬ 
tical from anal, slender and |:)ointed; scales large; base of caudal scaled. 
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Color olivaceous; opercle reddish-brown; cheeks considerably pigmented; eye 
black; black spot above vent in most females. (Of a different species Jordan & 
Evermann say that this spot is a sign of pregnancy.) Dorsal black margined; pec¬ 
torals plain; dorsal, caudal and anal somewhat dusky; black line from nape to 
dorsal, a similar line on lower edge of caudal j)eduncle. 

The males are similar to the females with the following exceptions; the anal is 
modified into an intromittant organ equal to about half length of body; body of 
adult males deeper; caudal pedun<!le deeper and more compressed. General coloi- 
ing the same; most males with from 3 to 9 vertical lines on sides. 

Numerous specimens, all taken from a pond and its outlet at Los Amates. 
So abundant were these fishes at a little waterfall by a pond on Feb. 27, that 
I could scoop them up with my hands. Females with eggs, but of those 
examined th(‘ young had not begun to develop. My specimens were taken 
Jan. 17. 

Xiphophorus Heckel. 

(icographical distribution: Atlantic slope of Mexico and Guatemala. 

14. Xiphophorus helleri Ileckel. 

Xiphoylvorm helleri Hisckel, SB. Akad. Wiss. Wien, 1898, 163 (Rio Chisoy; 
Cordoba); GOnthkk, Fishes Cent. Amer., 485, pi. 87, figs. 2-6 1869 (Rio Chisoy); 
Gakman Memoirs Mus. Comp. Zool., 1895, 68, pi. iv, figs. 14, teeth, pi. viii, fig. 4, 
male (Mexico and (/cntral America); Joudan & Everman.n, Bull. 47, U. S. Nat. 
Mus., 181^6, 701; Meek, Fishes of Mexico, 1.57, 1904. 

XxphoplwroH helleri V^ar. GOntheii, Cat., \T, 3.50, 1866 (Rio Chisoy, Guatemala). 

Xiphophorus guntheri Jordan & F]vermann, Bull. 47, U. S. Nat. Mus. 1896, 702 

D. 12 to 15; A., in females, 8 to 10; scales 8 or 9-25 to 29; head 3.4 to 4.1; 
depth 2.5 to 3.7; .snout 2.7 to 3.7 in head; eye 3.1 to 4 in the head, 1.2 to 2.7 in 
interorbital; least depth of caudal i)eduncle 4.3 to 6.2 in body. 

Many specimens; maximum length, 11.5 cm.; maximum length of 
body of male 7.3 cm.; female 9.2 cm. Two females taken about March 1, 
contained well developed young. This species is found most abundantly in 
ponds, sw^amps and dark sluggish strt'ams. Some were taken from eddies 
of swift streams. 

I^)calilies: irrigating ditch west of Gualan; llio Managua, Algeria; 
brook and swamps near Los Amates; Rio Kilagua, l/os Amates; Sulphur 
river, 3^ miles west of Puerto Barrios; Swamps 2 to 4 miles west of Puerto 
Barrios. 


MUGILID^. 

Agonostomus Bennett, 

Geographical distribution: freshwaters of the West Indies, eastern 
Mexico, Guatemala, and New Zealand. 
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15. Agonostomus monticola (Bancroft), 

Mugil monticola BANCUoK'r in (Jriffith's edHion of Cuvier's Animal Kingdom, 
Fishes, 367, pi. 36, 1836. 

Mugil irretitus Gosse, Nat. Sojourn Jamaica, 84, 1851 (Jamaica). 

Agonostomus monticola Gunther, Cat., Ill, 464, 1861 (West Indies and Mexico; 
Barbadoes). 

Dajous mxmticola Cuv. & Val., XI, 164, pi. 316. 

D. IV-I, 8; A. II-III, 9; scales 11 to 12-39 to 40; head 3.5 to 3.7; depth 3.8 
to 4.1; snout 3.1 to 3.7 in head; eye 3.5 to 4.3 in head, 1 to 1.6 in interorbital. 

Maximum length 12 cm. My 5 specimens were taken from swift wat(‘r 
where the bottom is sandy. 

Localities: Rio Motagua, El Ran(‘ho, Zacapa; Rio Tenedores, Tenc- 
doros; Rio Kilagua, I^s A mates. 


ATHRRINIIXE. 


Thyrina Jordam & Culver. 

Geographical distribution of the two known species: Pacific slope of 
Mexico and the Motagua system. 


10. Thyrina meeki sp. nov. 

(Fig. ^.) 

Type: No. 11214 I. U. Mus.; length 11.5 cm ; Jiio Motagua, Gualan. 

D. IV-“I, 9 to 11; A. I, 21 to 25; scales 9i or lOJ-39 to 43; head 3.9 to 4,9; 



depth 5.1 to 6.6; snout 2.9 to 3.7; eye 3.1 to 4.6 in the head 1 to 1.6 in the interorbital; 
base of anal 3.2 to 3.7 in the body. 

Description of a 10-cm. specimen. I3ody 8.4 cm. long; D. IV-I, 9; A. I, 23; 
scales 101-42; head 4.7; depth 6 6; snout 3 in head; eye 3.6 in head, 1 in inter- 
orbital; anal 3.6 in body. Body very slender, compressed; top of head flat; back 
little higher than head; sides above anal strongly compressed; sides of belly converg¬ 
ing uniformly; breast compressed to an edge; caudal peduncle long, its least depth 
2.4 in its length; sides of head compressed; chin steep; mouth rather large; jaws 
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decurved; recurved canine-like teeth in each jaw; teeth in more than one series; 
teeth on maxillary; premaxillary protractile; eye large, nearer tip of snout than to 
edge of opercle; pectoral inserted high, its base long, 3.5 in its length, pointed, its 
tip reaching verticle from vent; ventrals midway between tip of snout and insertion 
of rayed dorsal, short and subtruncate, reaching but little past vent. Anal inserted 
before verticle from intersertion of spinous dorsal, its margin falcate and its longest 
rays 1.5 in the head; caudal deeply forked, the lower lobe the larger (which is usually 
the case in this species); rayed dorsal over last half of anal; spinous dorsal weak, 
its longest spine about 3 in the head, its origin equidistant between edge of opercle 
and base of anal; base of anal scaled. 

Color translucent greenish; , edges of scales granular pigmented; pigmented 
streak at base of anal; dark lateral line about the width of the pupil; top of head 
darker than body; iris plumbeous; pectorals and ventrals pale; anal margined with 
dusky; both rayed and spinous dorsals clouded; caudal a little dusky. 

Rivers, especially where the water is swift, and the bottom either sandy 
or rocky. Abundant in the Motagua river. Maximum length 11.4 cm.; 
females with eggs. Many specimens. 

This species is named in honor of Dr. S. E. Meek of the Field Columbian 
Museum, for his work on the fishes of Mexico. 

fyocalities: Rio Motagua, El Rancho, Zacapa, Gualan; Rio Managua, 
Algeria, Rio Kilagua, Los Amates; Rio Tenedores, Tenedores; Rio Gualan, 
Gualan. 


Gomm/F., 

Philypnus Cuvier Valenciennes. 

Geographical distribution: Roth slopes of Middle America. 

17. Philypnus dormitor (Lac6pede). 

Gohioworus dormitor LACiopknE, Hist. Nat. Poiss., II, 599, 1789; Martinique. 

Philypnus dormitor Giraud, Mex. Bound. Surv., 29, pi. xii, fig. 13, 1859 (mouth 
of the Rio Grande); Gill, Proc. Acad. Nat. Sci. Phila., 1860, 122 (mouth of the Rio 
Grande); Jordan Evermann, Bull. 47, U. 8. Nat. Mus., 1898, 2194; Jordan & 
Synder, Bull. U. 8. Fish Comm., 1900, 147 (lagoons near Tampico); Meek, Field 
Col. Mus. Pub. 65, 1902, 120 (La Antigua); Meek, Fishes of Mexico, 226, 1904 
(Mexico). 

Philypnus lateralis Gill, Proc. Acad. Nat. Sci. Phila., 1860,123 (Cape San Lucas); 
Jordan, Proc. Cal. Acad. Sci., 1895, 493 (Rio Presidio and Astillero); Rutter, 
Proc. Cal. Acad. Sci., 1896, 264 (fresh waters at San Jose del Cabo, Lower California); 
Jordan & Evermann, Bull. 47, U. S. Nat. Mus., 1898, 2195 (Rio Presidio, near 
Mazatlan, Mexico). 

Eleotris dormitatrix GCnther, Cat., Ill, 119, 1861 (Mexico). 

Gobiomorm dormitator Bean, Proc. U. S. Nat. Mus., 1898, 542 (Dominica and 
Santa Maria, Vera Cruz). 
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Two specimens; maximum length 40 cm. 

Locality: Rio Tenedores, Tenedores; Sulphur River, Puerto Barrios. 

AwaottS Sleindachner. 

Geographical distribution: both slopes of Middle America south to the 
Rio Dulce and Ecuador. 

18. AwaouB taiasica {Lichtenstein). 

Amove guacu Marcgkavk, Hist. Brasil, 166, 1648 (Brazil). 

Gobius taiaitica Lichtknstein, Berl. Abhandl., 273, 1822 (Brazil), not Tajasica 
Marcgrave. 

Ckronophorus taiasica Jordan & Eigknmann, Proe. U. S. Nat. Mus., 1886, 500; 
Meek, Fishes of Mexico, 233, 1904 (Cuantla; Valles; San Francisco; Perez). 

Awaous taiasica Jordan, Proc. Cal. Acad. Sci, 1895, 494 (Rio Presidio, Mazatlan; 
San Jos6 del Cabo, Lower California); Jordan & Evermann, Bull. 47, U. S. Nat. 
Mus., 1898, 2236; Rutter, Proc. Cal. Acad. Sci., 1896, 265 (Rio San Jos6, San Jos6 
del Cabo, Lower California); Jordan & Synder, Bull. U. S. Fish Cornrn., 1900, 
147 (Rio Ixtla, Puente de Ixtla); Meek, Field CJol. Mus. Pub. 65, 1902, 121 (La 
Antigua; Balsas; Puente de Ixtla). 

Gobius banana Cuvier <fe Valenciennes, Hist. Nat. Poiss., XII, 103, 1837 (San 
Domingo); Gt)nther, Cat., Ill, 59, 1861. 

Gobius wartinicus Cuvier & Valenciennes, Hist. Nat. Poiss., Xll, 105, 1837 
(Martinique). 

Ckronophorus bucculentus Poey, Memorias de Cuba, II, 275, 1861 (Cuba). 

Rhinogohius contractus Poey, Memorias de Cuba, II, 424, 1861 (Cuba); Poky, 
Enumeratio, 125, 1875. 

Gobius dolichocephalus Cope, Trans. Araer. Philos. Soc., 1869, 403 (near Orizaba, 
Mexico). 

Euctenagolrius latxis O’Shaughnessy, Ann. Mag. Hat. Hist., Ser. 4, XV, 1875, 
146 (Bahia, Coll. Dr. Wucherer). 

Many specimens; maximum length 19 cm. 

Localities: Rio Gualan, Gualan; Rio Motagua Gualan; Rio Managua, 
Algeria; Rio Kilagua, Los Amatcs, Sulphur River, Puerto Barrios. 

CICHLIDiE. 

Tropical American waters harbor about 25 genera with about 250 
species. The genera Heros and Cichlasoma, by some considered a single 
genus, have reached a great development in Central America. Heros has 
reached Cuba where a number of incipient species are found. 

Cichlasoma Swainson. 

This genus contains those species allied to Astronofus, which have 4 
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to 11 spines in the anal fin, the dorsal and anal not closely scaled and the 
lower lip interrupted mesially to form a frenuin. Species very numerous. 

Geographicul distribution: Mexico to the La Plata, on both slopes of 
Central America. Species few in South America. 

19. Gichlasoma spilurum Oilnther. 

(Fig 3.) 

Heros spilurus (iT mtheu, ('at., IV, 289, 1862 (Guatemala); Gunther, Fishes 
of Central America, 451, pi. Ixxiii, fig. 1, 1868 (Rio Motagua, Yzabal). 

Cichlaaoma spiJurum Jordan & Evermann, Fishes of Middle and North America, 
II, 1520, 1898 (Rio Motagua, Guatemala); Pkllegrin, liltude Cichlides, 186, 1904 
(L. Mullins, Guatemala). 

1). XVII or XVIII, 9 to 11; A. VIII or IX, 7 to 9. Scales 5 to 6-27 to 30-12 
to[l3; head 2.8 to 3.2, depth 1 7 to 2.6; snout 2.2 to 3 in head; eye 2.4 to 4 in head, 
1 to 1.9 in interorbital; greatest depth of caudal peduncle 1.7 to 2.4 in head; pectoral 
1 to 1.3 in head, (^olor of mature specimens dark, ashy gray, with 7 more or less 
distinct \'ertical bars; young lighter, with more distinct vertical bars. 



Fijf. 3. Cichlasoma spilurum (JUiither, nat. size. 


The fins of this species are very fragile and the dorsal and anal filaments 
are often broken off. Some sj^ecimens have the dorsal filament produced 
in a mere thread to tip of caudal. 

Numerous specimens; maximum length 11.6 cm. Abundant in Sulphur 
and Tenedoi-es Rivers. 

Ix)calities: Rio Motagua, Rio Cualan, and irrigating ditch, near Gualan; 
Rio Managua, Algeria; Rio Kilagua, Ia>s Amates; Rio Tenedores, Tene- 
dores; swamp stream 2 miles west of Puerto Barrios; Sulphur River 3i 
miles west of Puerto Barrios. 

The following is a description of a unique specimen taken from the Rio 
Tenedores, Tenedores, Feb. 9. It is a new genus if it Ls not a deformed 
CichlasoTna spilurum. 


[February, 1907.] 
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Total length 7.9 cm. length of body 6 cm. D. XVII, 10; A. VIII, 8; scales 6-29-" 
13; head 3; depth 1.9; snout 2.9 in the head; eye 3.3 in the head; 1.3 in the inter¬ 
orbital; least depth of caudal peduncle 2.5 in the head, 1.3 in its own depth; pectoral 
1 in the head. First dorsal spine 3.3 in the last, last 2 in the head; 1st anal spino 
2.2 in the last, the last 2.2 in the head. Body compressed; profile from the inter¬ 
orbital to insertion of dorsal very slightly concave; back not vstrongly arched; fore¬ 
head almost vertical; interorbital almost flat; ventral outline convex to end of 
anal; peduncle thin, its edges converging; length of head about equal to its depth; 
eye large, situated above and anterior to centre of head, much above horizontal from 
tip of snout; mouth small, upper jaw weak; maxillary to vertical from eye; mandible 
projecting. Teeth in bands in both jaws, the outer brown and enlarged; lips thin, 
the lower with a frenum. Dorsal inserted anterior to gill-openings, its spine rather 
high, its longest rays slightly filamentous and reaching to near middle of caudal; 
caudal rather long, little rounded; anal inserted under T2th dorsal spine, its spines 
long, its longest rays to first third of caudal; ventrals inserted posterior to base of 
pectoral, 2nd ray produced to base of 4th anal spine; pectorals long ami narrow 
reaching to tips of ventrals. 

Color olivaceous with 7 dark vertical bands and a dark caudal sjK)t; of)ercle 
somewhat brownish; iris black; fins except the pectorals a little tlusky. 

20. Oichlasoma hediicki Meek. 

Cichlasoma hedneki Meek, Fresh-water Fishes of Mexico. 208, 1904, fig 66 
(rivers of Mexico, south of Vera Cruz). 

D. XVIII to XX, 9 to 10; A. VTII to X, 7 to 9; scales 5 to 6 27 to 32-12 to 14; 
head 2.6 to 3; depth 2.2 to 2.5; snout 3.1 to 4 in the head; eye 3.2 to 5.7 in the 
head; 1 to 1.9 in the intcrorbital; greatest depth of caudal peduncle 2.1 to 2.5 in 
the head. Color varies from a dark bluish tinged brown to a light olive in which 
the bands and bars of darker color show distinctly. 

Some of mv sj)eciniens have dark specks on opercles and cheeks, while 
two have bluish dots scattered over head and body aliove lateral line* to tip 
of pectoral. 

Twenty-two specimens; maximum length 13.8 cm. Taken from swanijis 
or sluggish streams and th(‘ Kilagua River. 

Ix)calitic.s: Rio Kilagua, and brook near Los Amates; Rio Negro,. 
Tenedores; swamps and swamp streams 2 to 3 miles west of Puerto Barrios, 

21. Oichlasoma globosiim sp. nov. 

(Fig. 4.) 

Type: No. 11382 I. U. Mus.; length 22 cm.; brackish water, Puerto Barrios. 

D. XVI to XVII, 13; A. VI, 9 or 10; scales 6 or 7-32 or 33-13 or 14; head 2.8 
to 3; depth 1.8 to 1.9; snout 2.1 to 2.3 in head; eye 4.2 to 5 in head. 1.8 to 2.1 
in interorbital; greatest depth of caudal peduncle 1.6 to 2.4 in head; pectoral 1.1 to 
1.3; color varies from a dark slaty-blue to a smoky brown. 

Description of a 22 cm. specimen; length of body 16.2 cm.; D. XVI, 13; A. VI,. 
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*9; scales 7-32-13; head 2.8; depth 1.8; snout 2.3 in head; eye 4.8 in head, 2.1 
in interorbital; greatest depth of caudal peduncle 1.8 in head; pectoral 1.2; profile 
to nape slightly concave and steep; a depression in the interorbital; nape to end of 
dorsal gently arched; belly straight; body deep, not much elongate, compressed; 
peduncle short and deep, its length 2 in its depth, much compressed; head higher 
than long; interorbital convex with a slight depression; snout rather long, acute; 
lips fleshy, the lower with a frenum; premaxillary protractile; maxillary almost 
entirely hidden under the preorbital; teeth in bands in both jaws, the outer enlarged, 



Fig. A.\CHchlaBoma globosum sp. nov.. about 1 nat. size. 


conical and brown-tipped; mouth horizontal; maxillary not nearly to vertical from 
eye; preorbital equal to distance from eye to upper edge of opercle; lower edge of 
orbit above centre of head; eye rather large, 1.3 times length of maxillary; nares 
much closer to tip of snout than to eye.s; origin of dorsal anterior to base of pectoral, 
first spine 5 in last, last, spine 1.8 in head; rayed dorsal high, produced past middle 
of caudal, the longest rays a little longer than Head; caudal long, strong, broad and 
slightly rounded; origin of anal under origin of rayed dorsal; anal spine very strong, 
first 3.5 in the last, last 1.8 in head; rayed anal acute, produced past middle of caudal, 
its longest ray slightly less than head, ventral insertion jjosterior to base of pectoral, 
1st ray produced into a filament to 4th anal spine; pectoral long, obtuse, its tip to 
vertical from base of first anal spine. 

Scales large and ctenoid; base of anal, caudal and dorsal scaled; 6 rows on cheeks; 
5 on ojw^rcle. 

Color deep slaty-blue over entire body except breast and under parts of head which 
are a little lighter; large black caudal spot; pectoral pale; dorsal, anal and ventral 
deep slaty-blue; caudid lighter, with a fleshy tinge; dark spots on rayed dorsal and 
caudal, those on rayed dorsal more or less in bands. 

Ijocality: mouth of small stream at (‘clge of Puerto Barrios. 

22. Oichlasoma mananasp. uov. 

(Fig. 5.) 

Cichlasdma maculicauda Rfgan, Ann. and Mag. Nat. Hist. (7), XVI, 227, 1805. 

Type No. 11385 I. U. Mus. length 20 cm.; Tenedores River, Tenedores. 

D. XVI or XVII, 12 to 14; A. VI, 9 to 10; Scales 6 or 7-21 to 33-13 or 14; 
head 2.8 to 3 in body; depth 1.8 to 2.1; snout 2.1 to 3.1 in head; eye 3.4 to 5 in head 
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1.2 to 2.2 in interorbital; greatest depth of caudal peduncle 1.6 to 2.4 in head; 
pectoral 1.1 to 1.3 in head; color dark slaty; ventral parts not much lighter; five 
indistinct vertical bars can be made out on some specimens while on others only 
one bar at tip of pectoral; large black caudal spot. 

Description of a 20 cm. specimen; length of body 15.2 cm. D. XVII, 13; A. 
VI, 10; scales 7-32-13; head 3; depth 2.1; snout 2.4 in head; eye 5 in head, 2.1 
in interorbital; greatest depth of peduncle 1.8 in head; j)ectoral 1.3 in head; body 



Fig. 5. Cichlasoma manana sp. nov., about i iiat. size. 


rather deep, compressed; belly as much below head as ba(;k is above; (uiudal 
peduncle deep and strong, its depth equal to its length; head little longer than 
high; profile to nape steep, from nape to end of dorsal a imifonn curve; belly 
straight; snout blunt; mouth horizontal and terminal; lips rather fleshy, the lower 
with a frenum; teeth in bands, the outer enlarged, brown-tipped and J slightly 
recur^^ed; maxillary not near to vertical from anterior margin of orbit; eye mod¬ 
erate, above centre of head; dorsal inserte<l over insertion of jm’toral; rayed dorsal 
a little past fourth of caudal, first spine 6.5 in lavst, last 2 in head; anal inserted 
under 14th dorsal spine; first anal spine 3.4 in last, last 1.9 in head; rayed anal to 
middle of caudal; ventral produced in a filament past vent, almost t-o anal; j^ectoral 
rather broad and obtuse, its tip past vertical from tip of ventral spine; caudal large, 
strong and almost truncate or slightly rounded; scales ctenoid, large, 5 rows on 
cheeks; small scales on bases of dorsal, caudal and anal. 

Color a blackish-slate, with four faint, darker vertictal bars, the bar at tip of pec¬ 
toral much more distinct than the rest; a large black area beliind and below tip of 
pectoral; large black caudal blotch; no lateral streak; pectoral pale; rest of fins 
dusky; dark spots on dorsal, anal and caudal arranged in more or less irregular rows. 

Specimens 13; maximum length 22 cm. These fishes readily jump the 
seine. When not disturbed they seem simply to loiter about the banks at 
a depth of about 2 feet. For this lazy swimming habit I have given them 
the name Manana. 

Localities: Rio Managua, Algeria; Rio Kilagua, Los Amates; Rio 
Tenedores, Tenedores. 
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23. (MchlaBoma acutam sp. nov. 

(Fig. 6.) 

Type: No. 11186 I. U. Mua.j length 16.5 cm.; Rio Tenedores, Tenedores. 

D. XV or XVI, 11 to 13; A. VI or VII, 8 to 10; Scales 5 to 7-29 to 33-12 to 14; 
head 2.4 to 2.7 in body, depth 2 to 2.3 in body; snout 2 to 2.9 in head; eye 3.3 to 
5 in head, 1 to 1.7 in interorbital; greatest depth of caudal peduncle 2.1 to 2.5 in 
head; pectoral 1 to 1.3 in head. 

Description of a 12.6 cm. specimen; length of body 9.7 cm.; D. XVI, 11; A. 
VI, 9; scales 6-30-13; head 2.2; depth 2.1; snout 2.1 in head; eye 4.2 in head, 
1.7 in interorbital; greatest depth of caudal peduncle 2.1 in head; pectoral 1.1 in 






\ .A,, 






Fif?. 6. Cichlamma acutum sp. nov.. about i nat. size. 


head; body elongate, compressed; back high; profile to nape straight, thence but 
little arched; ventral outline, including ventrals when folded, a uniform jcurve from 
tip of snout to caudal peduncle; i^eduncle strong and deep, its length 1.8 in its 
depth; head longer than high; snout fx>inted; mouth terminal slightly oblique, mod¬ 
erate in size, lower jaw strong; lip with frenum; maxillary not to eye; hid beneath 
the preorbital, its length equals the distance from its tip to eye; teeth in series, the 
outer enlarged and canine-like; premaxillary protractile; lips fleshy; nares equidis¬ 
tant between tip of snout and eyes; (jheeks slightly compressed with 4 rows of scales; 
eye rather large, high and nearer edge of opercle than to tip of snout, inserted anterior 
to vertical from base of pectoral; first spine of dorsal 2.7 in last, the last 2.3 in head; 
rayed dorsal produced almost to middle of caudal; caudal long, broad, strong, 
subtruncate; origin of anal under 13th dorsal spine; rayed portion to first third of 
caudal; first anal spine 1.9 in last, last 2.2 in head; tip of ventral reaching 2nd anal 
spine; origin of ventral posterior to base of pectoral; pectoral large, long and sub¬ 
acute, its tip to vertical from 3rd anal spine. 

Color a dark olive-brown with eight slightly darker vertical bars; a large black 
blotch at end of pectoral which is one of the series on the vertical bars from opercle 
to end of dorsal; snout and interorbital bluish; an indistinct dark band between 
the eyes, another on snout connecting the eyes; iris plumbeous, a small black caudal 
blotch; black dots on opercles and cheeks; opercle very dusky with a brownish 
tinge; a small black spot on base of pectoral, otherwise pale; small dark spots on 
caudal fin, those on dorsal arranged in at least seven vertical rows across the rays 
and posterior part of spinous portion; ventrals and anal dusky as are all the fins 
except the pectorals. 
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About 40 specimens, the largest 16.5 cm. long. This species seems 
to prefer rather swift and clear water where there are plenty of rocks and 
sandy bottom. The clean cut features of this fish are of interest; its sharply 
acute fins, the large and strong caudal, its sharp triangular head and the 
general outlines of dorsal and ventral parts gives it the appearance of a 
game fish. 

Females with immature eggs. 

Localities: Rio Motagua, Algeria; Rio Kilagua, and brook, l^s Amates; 
Rio Tenedores, Tenedores. 

24. Oichlasoma nebuliferum {Gunther), 

Chromis nehulifer Guntheu, Proc. Zool. Soc., 1860, 318. 

Heros nehulifer GtiNTHEii, Cat., IV, 297, 1862 (Mexico). 

CichUisoma nchuhjerum. Jordan & Evermann, Fishes Middle and North Amer¬ 
ica, II, 1524, 1898 (Mexico); Pelleorin, fitude Cichlides, 180, 1898 (Mexico). 

Ueros iniermediuN GOnther, Cat., IV, 298, 1862 (Guatemala); GOnthkr, Fishes 
Cent. Am., 468, pi. Ixxviii, fig. 1, 1868 (Lake Peten). 

Oichlasoma intermedium Jordan & Evermann, Fishes Middle and North Amer¬ 
ica, II, 1517, 1898 (Lake Peten); Pelleorin, fitude (>ichlidc&, 173. 1904 (Rio 
Polachic, Guatemala). 

Heros an/juUjer GOntheh, Cat., IV, 298, 1862 (Guatemala); GOnther, Fishes 
of Central America, 469, pi. Ixxxv, fig. 1, 1868 (Yzabal). 

Cichbsoma an^utijerum Jordan & Evermann, Fishes of Middle and North 
America, TI, 1517, 1898 (Guatemala). 

Acara rectangularis Steindachneh, Chrorniden Majicos und Cent. Amerikas, 
Tab. 1, fig. 1, 1864 (Mexico). 

Oichlasoma rectanjgula^e Jordan & Evermann, Fishes Middle and North America, 
II, 1515, 1898 (Mexico); Meek, Fishes Mexico, 216, 1904 (Mexico); Pellegrin, 
^ltude Cichlides, 169, 1904 (Mexico). 

Cwhlasoma Inienmdiiim, nebuliferum and rectangulare differ from all otlier 
species of this genus in their peculiar coloration, wliicli consists of a dark 
band from the gill-opening to below the posterior part of the spinous dorsal 
where it turns up at or nearly at a right angle to the dorsal where the spinous 
and rayed portions meet. 

Steindachner described a specimen of Acara {Acara ~ Cichlaso 7 m) 
rectangularis 7i inches long from Mexico without naming definitely the 
locality. It was not found by Meek in his extensive (‘xpc'ditions in Mexico. 
Gunther descTibed Ueros iniernwdius from three specimens, 5 to 6 inches 
long, taken from Lake Peten, and his Ueros angulifer from 2 specimens 4 
inches long taken from Lake Yzabal. No additional sj)ecimens have been 
recorded. 

The data for these specimens are as follows: rectangulare y 1). XVI, 13; 
A. IV, II; scales 4-33-13; inierTrwdium, D. XVII to XVIII, II; A. V or VI, 
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8 to 10; scales 5-32-13. My specimens D. XVI to XVIII, 12 to 15; A. 
V, 9 to 11; scales 5-31 to 35-12 or 13. Pellegrin, on examining Giinther’s 
specimens without additional material, considered his two species identical. 

I have 16 specimens, ranging from 6.5 cm. to 20. cm. All of these 
were taken from Sulphur River, the only place where I found this species. 
I have no doubt that these specimens represent Gunther's species. The 
small number of anal spines is the only character so far noted that in any 
way distinguishes reclangulare as a distinct species and this does not seem to 
be sufficient. 

1). XVI to XVIT, 12 to 15; A. V, 9 to 11; scales 5 to 6-31 to 35 -12 to 13; head 
2.6 to 3; depth 2.1 to 2.5; snout 2.3 to 3.4 in head; eye 3.1 to 5.2 in head, 1 to 2 
in interorhital; greatest depth of caudal peduncle 2.1 to 2.3 in the head. 

Color varies from a dull brown (in young) with pale ventral parts to a dark browui 
more or less tinge<i with blue; in specimens 18 cm. long the ventral region is as dark 
as the back; specimens of this size have considerable blue, especially about the gills 
ventrally; a dark lateral band extending almost to the black caudal spot; large, 
black humeral blotch; one large black band or as many as three smaller ones from 
the lateral band up to and on the basal parts of the rayed and spinous dorsal; these 
bands in 18 cm.-sjjecimens also extend down to the anal. Some specimens under 

9 cm. do not have the blactk humeral spot, only the broad lateral band. 

'Fakcn only from Sulphur River, 3i miles west of Puerto Barrios. These 
fishes swim leisurely among the rocks and about trash until ilisturbed, when 
they dart off to deep water or places of concealment. Females taken March 
2, have fully developed eggs. Tx^ngth of largest specimen 18.7 cml 

Heros HeckeL 

(Geographical distribution: C'uba, Mexico, both slopes of Central Amer¬ 
ica, and south to the La Plata basin. Specit^s few in South America. 

25. Heros fziederichsthalii Heckel, 

Heros friedrichsthalii GOnther, ('at.. IV, 294, 1862 (Lake Peten); Jordan & 
Evermann, Fishes Middle and North America II, 1528, 1898 (Lake Peten and Lake 
Nicaragua with its outlet Rio San Juan); GCnther, Fishes of Central America, 
459, 1868 (Lake Peten). 

Heros inotagtiensis GCnther, Fishes of Central America, 462, pi. Ixxvii, fig. 2, 
1868 (Guatemala); Jordan & Evermann, Fishes of Middle and North America, 
II, 1534, 1898 (Rio Motagua and Lake Nicaragua); Pellegrin, fitude Cichlides, 
198, 1904. 

Heros maTUigtiensis GOnther, Fishes of Central America 463, pi. Ixxvii, fig. 3, 
1868 (Lake Managua); Jordan & Evermann, Fishes of Middle and North America, 
II, 1533, 1898 (Lake Managua, Nicaragua). 

D. XVII to XIX, 10 to 12; Anal VI to VIII, 8 to 9; scales 5 or 6-30 to 33-11 
to 12; head 2.4 to 2.7; depth 2.4 to 2.9; snout 2.4 to 3.6 in head; eye 3.8 to 5.8 in 
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head, 1 to 1.8 in interorbital; greatest depth of caudal peduncle 2.1 to 2.7 in head; 
pectoral 1.5 to 1.7 in head. 

Color variable, the darker specimens slaty-blue and the lighter ones dusky-brown; 
ten vertical bars and a dark caudal spot. In one si^ecimen the color is a light brown 
with the vertical bars jet black. Some specimens have dark spots on vertical fins 
arranged more or less in rows. 

Of the specimens examined tlie females are the darker, thicker, and 
apparently stouter in body proportions tlian the mal(\s. The females have 
been described as the species IIeras woinaguensh, ami the males as Ileroif 
rnotagvensis. 

Twenty s})ecimens; maximum length 32 cm. This species has the 
appearance of a game fish and they take tlie hook readily. One female 
taken Feb. 10, has well developed eggs. 

Ix)calities: llio Motagua and Rio (tualan; Rio Managua, Algeria; 
Rio Kilagua, I^)s Amates; pond near I>os Amat(\s; Rio 'JVnedores, Tene- 
dores. 


20. Heros salvini Gunther. 

Heron mJmni Ccnther, Cat., IV, 294, 18G2 (hio de Santa Isabel, Lake Peten); 
CiCnther, Fishes Cent. Anier., 460. pi. Lxxiii. fig 3, 1S69; Jordan k Evermann, 
Bull. 47, U. S. Nat Mus., 189S, 1528 

CichlaHoma mtvini Mkkk, Fresh-water Fishes of Mexico, 207, 1904 (southern 
Mexicio and Guatemala, Motzorango; Bcfugio; El Rule; Perez; Obisjx)). 

D. XVI to XVII, 10 to 12; A. VI to IX. 8 to 9; scales 5 to 7-26 to 31-10 toll; 
head 2.4 to 2 6; depth 2.3 to 2.5; snout 2.8 to 3.4; eye 3.4 to 4.6 in head, .9 to 1.4 
in interorbital; greatest depth of caudal peduncle 2.2 to 2.7 in head. 

Seventeen specimens, Siiljdiur River; the largest 12.4 cm.; females 
taken March 4, contained eggs. Sulphur river is fed by a hot S})ring and 
.some of the specimens were taken where the water was 90° F. and so 
strongly sulphurous that it can be detected more than a hundred yards 
away. 


27. Heros microphthalmus Gunther. 

Heros microphthalmus Gunthku, Cat., IV, 295, 1862 (Guatemala); GtJNTHER, 
Fishes of Central America, 464. 1868 (Kio Motagua); Jordan & Ev*:rmann, Fishes 
Middle and North America, II, 1536, 1898 (Rio Motagua and Nicaragua); Pellegrin 
litude Cichlides, 196, 1904 (Rio Motagua). 

D. XVII to XVIII, 12 to 14; A. V to VII, 8 to 11; scales 5 to 6-27 to 36-12 
to 15; head 2.9 to 3.2; depth 2.1 to 2.6; snout 2 to 2.4 in head; eye 3.8 to 5.3 
in head, 1.4 to 2.2 in interorbital; greatest depth of caudal peduncle 1.8 to 2.2 in 
head; pectoral 1.2 to 2.1 in head. 

Color varies from a d\isky-brown in young to a slaty-blue in adults. Some 
specimens have as many as 6 vertical bars and a black caudal spot. These markings 
are not usually so prominent in specimens over 12 cm. 
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Thirty specimens; the largest 21 cm. long. A female taken Jan. 14, 
has well developed eggs. Taken for the most part in swift, clear water 
where the bottom was sandy and rocky. 

Localities: Rio Motagua, El Rancho, Zacapa, (lualan; Rio Managua, 
Algeria; Rio Kilagua, Los Amates; Rio Tenedores, IVnedores. 

Thorichthys Meek. 

Geogra]>hical distribution: Eastern slope of Mexico and (Vntral 
America. 

28. Thorichthys helleri {Sielmlaehner). 

Hvrm /wV/pn Stkinda(’HNEr, Chromideii Mexicos, 1864, 8 (Rio Teapa, Tabasco, 
Mexico). 

Cu'Mnmma heJirri Jouoax & Kverm vw, Hull. 47, S. Nat. Mus., 1896, 1521. 

Thoru ' lUhy * heJien Meek, Fresh-water Fishes of Mexico, 223, 1905 (lowland 
streams of Mexiwi which empty into the (lulf south of the City of Vera ("niz; Otopa; 
El Rule; Obispo; Perez; San Juan Evangelista). 

Heron maeulipinnun Stei.vdachvkk, (’hromiden Mexicos, 1864, 13 (Kio Zanopa. 
Mexico); Bean. Proc. V. S. Nat. Mus,, 1892, 541 (Santa Maria, Vera (Vuz); Joroax 
& Evermann, Hull. 47, U. S. Nat. Mus. 1898, 1529. 

D. XVI, 10; A. VII to VIII, 7 to 9; scales 6 to 7-29 to 31-14; head 2,8 to 2.9; 
depth 2 to 2 1; snout 2.1 to 2 8 in head; eye 3.1 to 3.4 in head, I in interorbital; 
greatest dej)th of (*audal jKKluncle 2 to 2.1 in head; pectoral 2.8 to 3 in body. 

Tlnxv s[)e<*imcns; maximum length 15.4 cm. One specimen from Rio 
Nf'gro, a dirty swainj) stn^am at IVnedoix's, the other two from 3^ miles 
w<*st of Puerto Rarrios in Sulphur River, a clear, swift stream. 

29. Thorichthys ellioti Meek. 

Thorwhthyn ellioti Meek, Fresh-water Fishes of Mexico, 223, 1905, fig. 72. 

1). XV to XVI. 9 to 12; A. \T1 to VII1, 7 to 9; scales 6 to 7~29 to 33-13 to 14; 
head 2.8 to 2.2 in body; depth 2 to 2.4 in body; snout 2.2 to 3 in head; eye 3 to 3.8 
in head, 1 in intororhital; greatest depth of caudal peduncle 1 to 2.1 in head. 

Color dark olive above axis of body, much lighter below; dark spots on head. 

Taken only in swift water with either sandy or roc^ky bottom. Maxi¬ 
mum length 10.6 em.; females with eggs. 

Tx)ealities: Rio Motagua, Zacapa, (xualan; Rio Managua, Algeria; Rio 
Kilagua, lx)S Amates; Rio Teiiedores, Tenedores; Rio Giialan, Gualan. 

(t:ntropomiixe. 

Species all Ameriean, marine, entering streams. One species found 
in the rivers of southeastern Mexico far above tidewater. My specimens of 
this family were taken some 14 miles from the coast. 
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Oentropomus Lac^phdc. 

30. Gentropomus mexicanus Bonnui. 

CerUropomus mexicanus Bocourt, Ann. Sci. Nat. Paris. 90, 1868 ((Uilf of Mexico); 
Vaillant & Bocourt, Miss. Sci. Mex., 23, 1875, with pi i, fig. 2; Jordan & Ever- 
MANN, Bull. 47, U. S. Nat. Mus. 1121, 1896 (coast of Mexico and State of Oaxaca. 
Recorded by Steindachner from Bahia). 

D. VlII-I, 10; A. Ill, 6; scales 11-67 to 69-15 to 17; head, measured to end 
of opercular flap, 2.6; depth 3.5 to 3.7; snout 3.4 to 4 in the head; eye 4.7 to 6.2 in 
head, 6 to .9 in interorbital; 2nd anal spine 1.4 to 1.7 in head; 3rd dorsal spine 2.1 
to 2 2 in head. 

Tills is a salt-water fi.sli sometimes entering tlu' str(‘ams for (|uite a dis¬ 
tance. Taken in abundance and of large size oft* the eastern coast of (luate- 
mala. My specimens were killed with dynamite in Maehaea river, 13 mih\s 
from the coast 4 miles east of Tenedores. This means that these fishes had 
travi'led at least 20 miles up stream. Largest spi'einnm takcm in frt'sli water 
is 41 cm. long. 


ILEMULllLE. 

Pomadasys LaccpMe, 

31. Pomadasys templei Meeh. 

Votnadasya templei Meek, Eresh-Water Fishes of Mcjxico, 201, 1904 (Valles and 
Perez). 

T) XlIT, 12 to 13; A. Ill, 7; scales 8 to 9-,5.5 to 56-10; head 2.8 to 2.9 in body; 
depth 3.2 to 3.3 in body; eye 2.9 to 3 in head. .8 to 1 in intcrorbital; 2iid anal 
spine 1.5 in head; 4th dorsal sjane 2.3 to 2 5 in head. 

Three specimens, maximum length of those* taken from fresh walt'r 25.5 
cm. This is an oceanic fish that ascends the rivers. 

Localities: Sulphur River 3J miles west of Puerto Barrios; Rio Maehaea 
13 miles west of Puerto Barrios. 

SYMBRANCHIDA^:. 

Symbranchus Bloch. 

Geographical distribution: India, Tropical America, soutliern Mexico 
and St. Ivueia south to the La l^lata. 

32. Symbranchus marmoratus Bloch. 

Symbrarwhus mamiAjratuF Bloch, Ichthyologia, IX, 87, pi. 418, 1795; Gtjntheh, 
Cat., VIII, 15, 1870; Jordan & Evermann, Fishes Middle and North America! 
Bull. 47, U. S. Nat. Mus. I, 342, 1898; Meek, Fresh-water Fishes of Mexico, 89, 1904. 
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Symbranchus immaculaius Bloch, 1 . c., pi. 419, fig. 1. 

Symbranchus transversalis Bloch & Schneider, 524,1801 (Guiana, after Gronow). 
Umbranchaperiura grisea, mannorata, immacidata, and lineatc, LAcijptJDE, Hist. 
Nat. Poiss., V, 658, 1803 (Surinam). 

Symbranchua juUginosus Ranzani, Nov. Comm. Ac. Sci. Inst. Bonan., IV, 75, 
pi. ii, fig. 1, 1840 (Brazil). 

Murcena lumhricus Gronow, Cat. Fishes, 18, 1854 (Sea of Guiana). 

Symhranehufi vittatus Castelnau, Anim. Am6r. Sud, 84, pi. 44, fig. 3, 1855 (Rio 
de Janeiro). 

Recorded from Vera Cruz, Trinidad, St. Lucia, Lake Petcn, Huamuclial, 
Rio Chisoy. 

My two specimens were taken from a pond at edge of Los Amates. 
Maximum length 11.3 cm. 
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Artida m.-- ZEBRASOMA DEANl, A FOSSIL SURGEON- 
FISH FROM THE WEST INDIES. 

By L. Hussakof. 

Plate VII. 

The following description is based on an exceptionally fine specimen of 
a fossil teuthid ^ from Antigua Island, West Indies, recently acquired 
by the American Museum (May 1905; Cat. No. 7483). The fossil was 
found in a quarry belonging to Mr. Oliver Nugent of that place. Its exact 
horizon is not known, but it was stated to be of Tertiary age and to have 
come from a level of about 200 feet above sea. Considering that the fossils 
of this family are most frequently found in Eocene formations, notably at 
Monte Bolca, and that rocks of similar age are extensively developed in 
the West Indies, it may well be that the fish in (question is from an Eocene 
horizon. 

There nrv two fads concerning this sj)ecimen which endow it with 
an unusual interest. (1), It is the first instance of a fossil of the family 
'Fcuthididie found in America, all the hitherto recorded species, about a 
dozen in number, and representing four genera,^ having (*ome from Europe. 
And (2), it is the first fossil species known that is referable to the genus 
Zehrasoma Swainson. 

Plate VII gives an excellent idea of the fish. It was evidently an adult 
individual, measuring 290 mm. in length. It is imbedded in a fine-grained 
buff-colon*d limestone. The substance of the fish is almost entirely gone 
having, perhaps, adhered to the counterjiart; but nearly all the skeletal 
elements have left a clear im})rint in the matrix which reproduces excellently 
all the skeletal characters. Unfortunately, in the abdominal region where 
the viscera were extruded in the post-mortem changes, the fish is injured, 
the ventrals as well as the anterior portion of the anal being lost. But 
despite the absence of these structures w^hich would have helped in classi¬ 
fication, it is apparent from the undoubted teuthid characters of the fish 
and from its small number of dorsal spines, that it belongs to the genus 
Zehrasoma of Swainson. 

^ The term Teuthididae is employed throughout this note as synonymous with Acronu- 
ifidffi (GQnther) over which it has priority (c/. Dr. Gill in Proc. U. S. Nat. Mus., VII, 1884, p. 
276. 

*A. S. Woodward: Cat. Fos. Fishes Brit. Mus., Part IV, 1901, p. 662. C. R. Eastman: 
Bull. Mus. Compar. Zo6l., XLVI, 1904, pp. 1-36, passim. 
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It is worthy of note, in passing, that some features of the fish bring to 
mind the Balistidse, e. g., the abbreviation of the vertebral column—to 19 
vertebrse (8+11)—the number in the Teuthididse being typically 22 (9+ 
13). Secondly, the first dorsal spine is notably strong and well developed 
suggesting an incipient 'trigger.’ These characters, it seems to me, go to 
support the view of Jordan and Evermann that "There can be no doubt of 
the common origin of Balistidae and Teuthididep and that the divergence is 
comparatively recent.” ^ 

The species is named for my esteemed teacher in ichthyology, Professor 
Bashford Dean. 


Genus Zebrasoma Swainson. 

1839. Zebrasoma Swainson, Nat. Hist, and Class. Fi. etc.. Vol. II, p. 256. 

1861. Avanthurus (§ IV), Gunther, Cat. Fi. Brit. Mus., Vol. TIT, p. 326. 

1876. Acanthurus (D. Harpurus), Day, Fi of India, Vol. I. })p. 203, 207. 

1884. Zebrasoma Gill, Proo. U. S. Nat. Mus., Vol. VII, p. 279. 

Distinguished from Teuthus {Acanthurus) chiefly in having a reduced 
number (3 to 5) of dorsal spines. Living forms confined to the Indian and 
Pacific Oceans. 


Zebrasoma deani sp. nov. 

Head in total length, 4 times; depth, 2^. Abdominal vertebra; 9; caudal 11. 
Dorsal fin, IV, 28; rather low, extending from immediately Iwtk of supraoccipital 
crest to over the ninth caudal vertebra; first spinous ray rather stout, 16 mm. high, 
which is about J height of the articulated rays over middle of body; fourth dorsal 
spine as high as articulated rays following. Anal fin not completely preserved, 
only the posterior portion with about 16 rays present; 14th ray from posterior end 
has its interhaRrnal overlapping haemal of 5th caudal vertebra. Caudal but little 
emarginate, with lobes subequal; its height equal to maximum depth of body; 
caudal pedicle very narrow, 9 mm. Caudal spines not preserved. Lateral line 
continuous. Profile of head inclined about 45 degrees to axis of body; very gently 
convex. Jaw and suspensorium, as in typical species of this family. Teeth setiform, 
plated at extremities, crowded and probably movable; about 16 in one half of upper 
jaw, about 10 in half of lower. Body covered with minute shagreen-like scales. 
Formation and locality: Tertiary, Antigua Island, West Indies. 

ifiOQ* Middle America. Bull. U. S. Nat. Mus., Vol. XLVII, Part iii, 

loUo, p. lOvD. 



ZeBRASOMA DEANI SP. NOV. 



Bri.i>ETiN A. M. N, H. Vol. XXIII, Plate VIL 
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Article IV.— AN ENUMERATION OF THE LOCALITIF^ IN 
THE FLORISSANT BASIN, FROM WHICH FOSSILS 
WERE OBTAINED IN 1906. 

By T. D. a. Cockerell. 

Wlien the material collected at Florissant, Colo., by the expedition of 
1906 is fully worked out, it will be possible to compare the faunte and florae 
of the several localities in detail. It was evident even in the field, that the 
various beds were not all strictly contemporaneous, but whether there is a 
great interval of time between any of them, and what is the proper succession 
of those in different localities, are (piestions the discussion of W’^hich is best 
deferred until the fossils have Im^cu determined. In the meanw^hile, how¬ 
ever, it is necessary to refer to the several localities and beds, and it will 
conduce to clearness and save repetition if these are enumerated in a short 
paper devoted to this purpose. 

Station L — Shale with conchoidal fracture in a small gulley near the 
graveyard, estimated to b(‘ 150 feet above the level of the town. This is on 
the divide between the northern and southern portions of I.»ake Florissant.^ 
The fossils from this locality are principally freshwater Mollusca; Planor- 
bis flnrissaniensis, Sphsprium florismnfense, Limncea scudderi and L. sievertL 
Some bones and teeth, apparently mammalian, were also found, -l)ut they 
hav(‘ not yet been freed from the matrix and studied. 

Statinn 2 .— Gulley by (Cripple Creek road, west of graveyard, where 
the shale just af)pears at one point near bed of gulley. No fossils found 
except wood fragments, which come out of the earth, not out of the shale. 
The earth above the shale is doubtless Pleistocene; some species of Ele- 
phantidaj (presumably FJephas) was found in it years ago, according to 
local report. 

Station S. — Exposure clo.se to the house occupied by the party in Floris¬ 
sant. This is in a bluff on the north side of the town, next to the road lead¬ 
ing to Lake George. It is reddish, and full of vegetable remains, not very 
well preserved. It includes a considerable quantity of charcoal. A few 
rather good fruits were obtained. 

Station 4.— Fossil-Stump Hill, just above the large fossil stump — (Hen¬ 
derson, Univ. of Colo. Studies, 1906, fig. 3, opposite p. 151). The hill is 
capped by lava, below which is about 23 feet of laminated shale, the fossils 
coming from about one-third of the way down from the top of this. Below 

' This name is used to designate the Tertiary lake in wfiich the Florissant shales were 

Cl6pOS 1160 • 
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this thick bed is about ten feet of irregularly bedded non-fossiliferous shale, 
extending to the base of the fossil stump, and originally enclosing it. Other 
shale extends beloiv the level of the fossil stump (r/. Station 15). 

Station 4, in the laminated shale, yields Myrtra drymrja, Populus les^^ 
quereuxif Plunera longifoliay Lomaim acutiloba^ L. trrmlnalis^ etc. 

Station o. — Railroad cut east of Florissant station. This is the })laee 



Fig. 1. Fossil Stump of Sequoia Tree near FJonssant, Colorado. 


where the ''w^iId-flower excursion” trains stop, and tourists are allowed 
to get out and collect fossils. It is the tyf)e locality of Salix ravialeyi, Quer- 
cus ramaleyi and Amelanchirr scuddcri Insects are exceedingly scarce 
with the exception of Corixa fformantella, which is abundant, and which 
has been found in no other locality. ''Phe Pknrray so common in other 
places, appears to be absent, but Myrim drymxja occurs in layer G. An 
Alnus occurs, having the characters of A. kefersteinii^ and an Ulmus is 
provisionally referred to U. braunii. Carpinus jraiema is common in 
layer J, where Sfaphylea acummafa also occurs, but rarely. A Rhus is 
referred to R. mihrhomhoidalis. 

The following section w^as taken at 5, counting from the top dowm : 
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1. Layer G. Six inches of laminated gray shale, with many small dark 
fragments. 

2. Layer H. Two feet of thick gray shale, with conehoidal fracture; many 
plants, but no inset'ts. 

3. About 8 feet of similar shale, but more laminated, and wthout distinct 
conehoidal fracture. 

4. Layer J. About two feet of shale, containing Corim. 

5. About ten feet to level of railroad, covered by talus. 

Station 0 .— Tunnel in side of hill beyond Wilson's (on road to Lake 
George). This is a largi^, tunnel sunk obliquely into the side of the hill, 
affording a very eoinplete series of layers or beds, which were recorded as 
follows, counting from the top down: 

1. Hill above mouth of tuiuiel, about 25 feet, mainly pale gray with reddish, 
not truly laminated. 

2. Layer F. Some finely lamiiuited shale. 

3. About SJ feet of yellow sand, with granitic particles. 

4. Two feet; yellow laminated with some alternafiug gray conehoidal. 

5. Two inches of conehoidal shale. 

6. J inch yellow laminated. 

7. li inch conehoidal. 

8. 1 inch yellow laminated. 

9. 3 inches conehoidal. 

10. Layer E. 5i inches yellow laminated, fossiliferous. 

11. 8J inches conehoidal, reddish. One insect found. 

12. Layer 1). 4^ inches yellowish laminated, fossiliferous (specimens marked 

S I) are from about three feet below D.) 

13. 3i inches gray conehoidal. 

14. IJ inches yellowish laminated. 

15. 0 inches heavy conehoidal. 

16. J inch yellowish finely laminated. 

17. 3 inches gray <*onchoidal. 

18. } inch closely laminated. 

19. 3 inches gray conehoidal. 

20. 2i inches yellowish closely laminated. 

21. 8 inches gray with conehoidal fracture. , 

22. One foot closely bedded yellowish gray with layers of crystals. 

23. Three feet massive gray with conehoidal fracture. 

24. Layer C. One foot gray and black streaked, fossiliferous. 

25. One foot gray. 

26. Three inches sulphur-color and gray. 

27. Layer B. One foot gray and black, fossiliferous (Planera, etc.), 

28. One foot, sulphur-color and black. 

29. Four inches laminated dark gray, granular. 

30. 2J inches sulphur and black. 

31. 3 inches massive gray. 

32. 2 inches sulphur and black. 


[February, 1907.] 
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33. 8 inches massive gray. 

34. 16 inches soft shale, light yellow with black layers. 

35. 5 inches soft gray shale. 

36. Layer A. One foot, black and white layers, with leaves of Plamra, etc. 

37. Nine feet of massive gray shale, to bottom of tunnel. 

It will be noticed how the conehoidal layers alternate with the laminated. 
It is to be inferred that the former represent flows or showers of volcanic 
ash, and the latter the effect of water in working over the surface of such 
deposits. The indications would be that in this locality there were many 



Fig. 2. .Ancient Miocene Lake-Ued at. Florissant, Colorado, looking north from 8t at ion 4. 

slight eruptions, or if the eru}:>tions were severt‘, they were not close at hand. 
The local severity of each fall, and the period intervening between each two^ 
may perhaps be roughly estimated from the thickness of the layers. 

Station 7.™ By the road, ju.st before reaching Wilson’s ranch; bluff 
facing south. Probably the equivalent layer D in Station 6. Leaves and 
insects were found. 

Station 7a .— Miscellaneous small outcrops near Wilson’s. 

Station 8.—' Lava on hill just opposite Station 5. Contains remains of 
wood. 
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Station 9, — Side of hill facing north, about a mile southwest of the 
town, in the direction of, but beyond, the Y on which the locomotives turn. 
K is the top layer; L is halfway down. At the base of this hill is a sw^ainp, 
and the opposite bluff is granitic. 

Station 9, or some place immediately adjacent, is the type locality of 
Malvastrum cxhumatum and Myrica hendersoni, Planera hngiplia occurs 
in layer T... 

Station 10. ~ Bed of thick laminated shale close to east end of I^ake 
George. Contains a few' poorly prt'scrved leaves and twigs, and great 
quantities of an undescribi'd ostracod. This is the most western locality 
for the Florissant shale.s yet found, and is lu'arly two miles beyond ScuddeFs 
limit, as indicated by his map. 

Staiioji 11. - North end of Fossil Stump Hill. This is the locality of 
ScuddcFs section given in his ^Tertiary Insects,' pf). 21, 22. It furnished 
us with 7'mrftiptrris adrnl, Cornptonin /7?.s*/V/??V.v, Myrica drymcja, Populus 
lesipwreu:riy Phincra Ivngifolia, Loniatia acutiloha, L. icrmhmUs, Celasirus 
fra.xinifolins', Acer my.^fienm, Stcrcidia riyida, and many other plants. 
Among insects obtained tlu'rc, perhaps tlie finest was Tipula rigens. Hie 
spid<‘r Teiragnatha trrtlarla w’as also found.^ 

Station 1^. — West side of Fossil Stump Hill. Plants and insects found. 

Station 13.- - Shale on hill sloping south, opposite 9 and 14. It consists 
of allernating ffoAvs of sandy lava, forming sandstone layers, and fine lami¬ 
nated shale, ddie whole ajipcars to dip under 9, but there is probably a 
fault. 

The hill containing 9 and 14 is (‘apped with coarse granite gravel, show’- 
ing long cx})()sur(i. 'Fhe opposite hill, looking ovm* 13 and against 9 (with 
the marsh between it and 9), consists of massive granite rock, with many 
detached boulders; then' is a layer of shale on the tof). 

Station 13 furnished many plants and insects; among the latter a per¬ 
fect specimen of Hodtiterme.s cohradensis, and a vc'rv good Palarjvespa 
sciidderi. 4'hc [)la!its include Sphenopieri.H guyottii, Typha lesquereuxi, 
Myrica drymeja, Planera longifoJia, etc. 

Station /3. " On same hill as 9, at level of li, but a little further west. 
This locality was extensively worked, and furnished our best materials. 
The fossil-bearing layer is capped by a very thick layer of massive rock, 
wiiich doubtless conduced to the excellent })reservation of the spc^cirnens. 
On a single slab at this locality we found Populm lesquereu.xi, Typha les- 
quereuxi, Cotinu^s fraterna, and Planera hngifolia, proving their exact con¬ 
temporaneity and also contiguity. Another slab contained Myrica dnjmeja 


> Tiiragnaiha Is repres<*ntc»d In the nioderii fauna of Florissant by T. laboriom Heniz, 
kindly dt*tt*rnuned for me by Mr. N. Banks. 



132 


Bulletin American Museum of Natural History, [Vol. XXIIL 


and Populus lesquerevxi. The leaves of the Populus grew to a great size; 
one was 70 mm. broad. 

Station 15, — At Fossil Stump Hill; a lignitic layer one or two feet 
behw level of the fossil stump. Contained remains of fern, sequoia (appar¬ 
ently) and the snail Planorbis. The exact place is about 8 yards northeast 
of the stump. The feni looked like an Eocene species. 

Station 16, — In gully southeast of town, behind railroad-cutting hill. 
Here we obtained fish-scales. 

Pleistocene (sec also under Station 2). 

The north fork of Twin Creek has extensive peaty layers of mostly 
charred remains. No shells were found, .though considerable search was 
made. The beds have a bluish-gray color, with coarse gravel in layers 
between. The following section describes the beds as found in one place 
on the west side of the creek, from above down: 

1. Recent alluvial earth and gravel, 13 inches. 

2. Blue-gray soil, 9 in(;hes. 

3. Coarse gravel, 8 inches. 

4. Blue-gray, with vegetable fragments, 2 fe(it, 

5. Coarse gravel, 1 foot. 

6. Blue-gray with gravel intonnixed; contains charcoal, 6 indies. 

7. Gravelly alluvium, 2 feet. 

The members of the expedition were i)r. AV. M. Wheeler, Mr. S. A. 
Rohwer, and Mr. and ]Mrs. Cockerell. In ad<lition, Miss Josephine Cowie 
and Miss Neva Lillie spent ten days with us in June and collected a num¬ 
ber of fossils. Visitors, who did some collecting, were ]Miss J. Bentley and 
Miss B. Hopkins. 
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Artide V.-~ FOSSIL DRAGONFLIES FROM FLORISSANT, 

COLORADO. 

By T. D. a. Cockerell. 

Lithsesclma gen. nov. (^schnidae.) 

Type L, needhami, sp. nov. (Fig. 1.) Florissant, Station 14 (W. P. 
Cockerell, July 7, 1906). A genus of apparently primitive iEschnidae, par¬ 
taking of the characters of the Gomphinae and that group of iEschninee in 



Fig. 1. JAtturscfnia needhami sp nov. About twice nutuial size. Veins inked in photograph. 

which the radial sector is iinhranched. I am greatly indebted to Dr. J. G. 
Needham for placing in my Ininds a number of his unpublished figures and 
notes, and for helpful suggestions, all of which have enabled me to determine 
the relationships of the fossil far more exactly than would otherwise have 
I)cen possible. 

The following table shows how lAihmchna may be separated from a 
number of genera of /Esclmines in which the radial s(‘c*tor is unbranched. 
It is based exclusively on the hind wings. 

Oblique vein separated from origin of Mo by several cells ^.1. 

Oblique vein separated from origin of M.,, if at all, by not more than a cell and a 
half .”.2. 

> This is also a character of Phyllopetaha (Chilian region), and in a less degree of Cordule- 
gaeter and Chlorogomphus. 
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1. Mg strongly bent, separated at the bend from Rs by 3 or 4 rows of cells; triangle 

with few cells (Solenhofen, Bavaria; Jurassic) . . . . •. Morhmschna} 

moderately bent, not thus separated from Rs; triangle with many cells 
(Jurassic; Bavaria). .... Cyrnatophlebia. 

2. Stigma elongated, its lower margin bounding 4i cells; anal loop rather large, 

with 7 or 8 cells.3. 

Stigma shorter, bounding less than 3 cells ludow.4. 

3. Anal region more developed with 4 row's of cells between the anal loop and the 

inner margin: basal space reticulate. Boyeria irene, Fonsc. 

Anal region less developed, with 3 rows of cells betw'een the anal loop and the 
inner margin: basal space free from cross veins . Bn siceschiio, jnriatn Sfiy. 

4. Anal loop large, with 10 cells. Hopkmceschna armata Hagen. 

Anal loop with not over 5 cells.5. 

5. Opposite the brace, Mg nearer to M, than to J?s.6. 

Opposite the brace, M, nearer to Rs than to M,. .7 

6. Anal loop of 3 cells; triangle of 3 cells; oblique vein separated from origin of 

Mg by IJ cells (Borneo). DoUvschna. 

Anal loop of 4 cells; triangle of 2 cells; oblupie veiti sepanited from origin of Mg 
by one cell. Comph(eschna farelilata Say. 

7. Anal loop of 5 cells; triangle of 3 cells; oblique vein arising at origin of Mg 

LiihiTfichnn ywedhoini Ckll. (n g , n. sp.). 

Although the radial sector (Rs) iti thcs<* forms is imhraiuii(‘(I, there is 
an oblique cross-vein below Rs, which seems to indicate the beginning of a 
branch, especially in Boyeria. Tliis oblicjue vein is below the sixth cell 
from origin of M^, and fifth from the obli(jue vein t)r()perly so-called in 
Gom])ho?schna\ below the sixth cell from origin of and s(‘venth from the 
oblique vein in Boyeria] below the seventh cell frt)m origin of Mo anti second 
from the oblique vein in Morha’srhna; below the seventh and fifth from 
the obi it pie in DoUvsehuo] below'the seamlh anti sixth from the oblique 
in Basiwschna. In his tliagrams, Dr. Neetlharn tlesignatts the t)l)li(jue 
vein pro[)er by C); the t)blique vein below' the Rs may be called ().,. I 
cannot distinctly determine the existence of in Liflarsrlum. 

In order to further elueitlate the eharaeters of Li1ha\^rhna ueedhaini, it 
is necessary to di.seuss them t)ne by one, in comj)arist)n Avith the allieti genera. 

A nal arujh'. 

Little developed in Lithmschna, thus approaching Bat<iwsrhna anil differing from 
Boyeria. 

Row.^ of cells between fij'st jmrt of Cu. and lower margin of wing. 

Three in Gomphoeschna. 

Four in Basiwschna anti IMheesekna. 

Four to five in Btryeria. 

Six in Cymatophlebia. 

Six to seven in Morbceschtia. 

1 Described by Dr. Needham on p. 141, post. 
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Triangle. 

In LUhoBschna practically as in Basiceschna, with two cross-nervures. 

It is not so elongated as in Boyeria. 

Anal loop. 

With 3 cells in Doleeschna, as also in Gomphoides stigmatus Say. 

With 4 cells in Morbceschna, as also in Gomphceechna. 

With 5 cells in Lithceschna. 

With 6 cells in ^schna polydore Heer (fossil at (Eningen), and, as Dr. Needham 
remarks, shaped much as in Lithceschna. 

With 7 cells in Basiceschna, and not very different from Lithceschna in form. 
With 8 cells in Boyeria. 


Cubitus (Cu, and Cu,). 

In Lithceschna Cuj is moderately bent at base, much as in Gomphus ,— not so 
strongly bent as in Gomphceschna. It then runs parallel with Guj, for at least 7 cells, 
when it branches, enclosing 5 or 6 cells, the \ip^)er branch being arched, and so ap¬ 
proaching nearer to Cu,. Tliis is not unlike Morbaeschna, Boyeria, Basiceschna and 
Gomphceschna, but differs entirely from Gomphus. 

Ante nodal sectors. 

Eight in Gomphceschmi. 

Eleven in Liih<eschno, or ix)ssibly 12. 

Twelve in Ilophmaschna. 

Thirfinm in Baskeschruj. 

Fifteen in Boyeria. 


Oblique vein. 

1. Arising at same point as origin of from M,. Lithceschna. 

2. Fonning the apical margin of cell from alKJut the middle of which AE arises from 

M,. Hoplonwschna. 

3. Forming the apical margin of the cell, the base of which is even, or nearly even. 

with the origin of from M, . , Boyeria. Gomphaschna, and Basiceschna. 

4. Arising several cells beyond the origin of from ... Morbwschna. 

Stigma. 

Htigma not esjiecially slender. 

Bounding IJ cells below. Gomphceschna. 

Bounding 2^ cells below . . Lithceschna, Iloplomeschnn and Morbceschna. 

Stigma slender, bounding 4^ cells below. Basia^schna and Boyeria. 

In Lilhceschua the stigma is slightly swollen, rather over 2^ times as long as 
broad, and is much like that of Morbceschna. except that it is longer in the latter. 
The brace is essentially the same in all these genera. 

Radial sector. 

Strictly unbranched in Lithceschna; it is separated from by a single row of 
cells, except at the place where they are widest apart (at bend of M^). where there 
are 3 or 4 double cells. In Gomphceschna the double cells begin at about the same 
point, but continue to margin. 
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Mz and Radial sector. 

At the point of greatest distance between and Rs, there are — 
o. Two rows of cells between: lAthcesckna and Gomph(rschna. 

b. Three rows of cells between: Basweschna, Boyeria and Hoplonceschna. 

c. Four rows of cells between: Morbceschna. 

The number or singlc-row’ or simple cells beyond the oblique vein, before the 
doubling begins, is — 

Four in Morhonschna. 

Seven in Gomphcrschna. 

Eight in Lithceschna. 

Nine in Hoplonceschna. 

Eleven in Boyeria and Basiceschna. 


M.,. 

1 . Gently curved, a little nearer to Rs than to Mj. opposite brace (a Gomphine 

character). Lithceschna. 

2 . Gently curved, about equally distant from Rs and M,, opposite brace. 

Gompheeschna, 

3. More abruptly curved, and nearer to ... Boyeria and Hoplonceschna. 

4. Still more abruptly curved or bent, and much nearer to M, . . Morhwschna. 

Gomphaschna has three rows of cells between M, and Mg in a})ical field of wing, 

except on extreme margin, where there are five. Litha’sehna has four rows, but an 
extra row of two cells only at apical margin. 

Basiceschna has five rows, but six on extreme margin. Boyeria has seven row's 
but nine on extreme margin. Hoplonceschna has al)Out seven on extreme margin, 
but few'er in submarginal area, though at least five. 

and M^, 


1 . Distal part of M 3 and M^ .strongly undulate. Morhwschna. 

2 . Distal part of M 3 and M^ slightly undulate. Gomphaschna. 


3. Distal part of M 3 and M^ not or hardly undulate 

Lithceschna, Boyeria and Basiceschna. 

In Lithceschna M^ and M 4 are separated by only a single row of cells, at least to 
near margin (actual margin at this point obliterated); this agrees with Gomphceschna, 
and differs from Boyeria, etc. 

It appears from all the above, that as long as we confine our attention 
to the basal field of the wdng of Lithcpschna, we find much resemblance to 
BasioBschna; but in the apical field this disappears, and the resemblance ia 
rather to Gomphwscluia, while certain characters are decidedly Gomphine. 
We are at liberty to infer, perhaps, that the apical field in Basiceschna haa 
undergone change, while the basal field has remained comparatively station¬ 
ary. 

Lithceschna needhami is represented by a single hind wing, about 33 mm. 
long. The species is appropriately dedicated to the author whose writinga 
and investigations have made this study possible. The wing is hyaline^ 
without markings. 
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Lithagrion Scttdder. (Agrionidae.) 

LithagrioD hyalinum Scudder. 

(Fig. 2). 

At Station 14 a good speoimen was found, with its reverse. The stigma 
has a brace vein (this fact is not apparent from Scudder\s figure), the 
quadrangle is not divided by any cross-veins, and vein Mg arises nearer 
nodus than arculus. Scudder's specimen did not show the whole of the 
stigma; it is perfect in ours, 3 mm. long, bounding 3f cells below. Its 
inner corner is not prodiK‘ed and pointed, as it is in Hetrragrion and Amphi-- 



Fig:. 2. Lithagrion hyalinum Scudder. times natural size. Veins inked in photograph. 

pterijx. In Epallagc the stigma also bounds between three and four cells, 
but it is very long, and one of the bounding cells is very long, while there is 
no brace-vein. In Archilestes there is a brace, and the stigma with its sub¬ 
tending cells is very much like that of Lithagrion. The stigma of the fossil 
also recalls that of Ortholesies, but in that genus there is no distinct brace, or 
at least the obli(|uc vein serving that purpose arises beyond the basal corner 
of the stigma. Scudder figures only one antenodal cross-vein in Lithagrion 
hyalinum. In our example, the antenodals are mainly obliterated, but I 
feel quite confident that there are at least three. This is, no doubt, a primi¬ 
tive character, and the w^hole appearance suggests very strongly the Calop- 
terygine genus Micromerus, 

The subquadrangle of Lithagrion hyalinum is strongly bent at the arculus, 
and veins Mj^g and M 4 arise from the upper part of the arculus, — more 
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so than Scudder’s figure shows, both being well above the middle of the 
arculus. 

Litkagrwn umhratum Scudder, with its smoky wings, the stigma bound¬ 
ing five cells below, and the cells of the first two rows between nodus and 
stigma higher than long, appears to represent a distinct genus, which may 
be called Melanagrion, gen. nov. 

Melanagrion umhratum also has this pe(‘uliarity, that the arculus is 
bent, and M 4 arises from it at the bend, which is below the middle, and away 
from the origin of Mj_ 3 . This is an arrangement like that found in 
Epallage; w^hcreas Lithagrion hyalinum has the arculus anci arising M 
veins almost as in Ortholestes. The quadrangle of JAthagrion hyalinum is 
somewhat longer, especially on the upper side, than Scudder’s figure would 
suggest. 

Hesperagrion prasvolans sp. nov. 

(Fig. 3.) 

Station 1 ^.— Type in Anier. INIiis. Nat. Hist.; reverse at IJniversitv of 



Fig. 3. Hesperagrion preevoUms s]). nov. 3| tiiiivs iiatura] size. Vein.s inked in jdiolograph. 


Colorado. Represented by a single perfectly hyaline wing, 21 J mm. long. 
Veins brown; stigma hyaline with a dark margin. 

The venation agrees with that of H. heterodoxum Selys, as figured by 
Needham (Proc. U. S. Natl. Mus., XXVI, pi. liv, f. 5), except in the follow¬ 
ing slight particulars — 

1 . The stigma is more oblique, and longer in a diagonal direction, so 
that it is truly lanceolate. 

2 . The costal cell following the stigma is much longer than high. 

3. The oblique apical side of the quadrangle is not noticeably shorter 
than the upper side. 

4. The antenodal portion of the costa is visibly arched. * 
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5. The cells between the nodus and the stigma, on costal margin, num¬ 
ber eleven. 

I was at first inclined to refer the wing to Agricm exsuhris Scudd., but 
it differs as follows: — 

1 . The stigma is differently shaped, being more produced diagonally. 

2 . The upper side of the quadrangle is much longer; the quadrangle 
(as also the stigma) of exsidaris is like that of Ennllagrrm. 

3. There are only three simple cells between Mj and M 2 before the 
<loubling begins; in exsularis there are four. 

Trichocnemis aliena Scudd. agrees better with II. prwvolans in regard to 
the quadrangle, but the other characters are as in 44. exsularis. The sub¬ 
quadrangle is represented as having a cross-vein, wdiich certainly is not 
])resent in H. jrrxvolans. If T. aliena and A. exsularis had not been de¬ 
scribed by the same author, I should suspect their identity. 

He.s'pcragrion is a genus still extant in our southwest. 




56.57.33A(78.8) 

iirtide VI-— SUPPLEMENTAL DESCRIPTIONS OF TWO NEW 
GENERA OF A^iSCHNIN.E. 

By James G. Needham. 

When Professor Cockerell was collecting fossils at Florissant he wrote 
me of the discovery of the Litha^schna described in the foregoing pages, and 
sent me a sketch of its venation. Having in my possession some unpub¬ 
lished figures of related genera, I sent them to him for whatever use he 



Fig. 1. Venation of Cymaiophlebia longiolata Mueiisl. 


might choose to make of them. TJu'se included a drawing of the venation 
of Cymaiophlebia (probably the type species hrngiolata Muenst.) more 
<*omplete than any that have been published, a drawing of the venation of 
another fossil /Eschnine, and a pliotograph of a recent undescribed genus 
from Borneo. The specimens are in the Museum of Comparative Zoology 
at Cambridge, where in 1897, tlirough the kindness of Mr. Samuel Ilenshaw 
and Dr. R. T. Jackson, I had the privilege of studying them and of making 
these figures. The two last mentioned represent genera as yet undescribed. 

Professor Cockerell has made good use of the figures in the comparisons 
of the foregoing paper, and has invited me to add descriptions of the two 
new genera. Since it is desirable under the circumstances that these should 
be made known, I append brief diagnoses of them, with figures, inserting 
my new figure of Cymatophldm (Fig. 1). 

MorbaBSchna gen. nov. 

Type, the specimen labelled Mschna rnuensteri Gerraar in the Hagen collection 
of fossil Odonata in the Museum of Comparative Zo 6 log 5 ^ 
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Only the venation of this specimen is in a sufficiently good state of pre¬ 
servation to admit of critical diagnosis. Its chief characters are shown in 
Fig. 2, and are as follows: — 

Stignia with a strongly develofied brace vein; ante- and post-nodals in the fore 
wing about 12 and 10, in the hind wing about 10 and 12 respectively; arculus slightly 
arcuated, especially in the fore wing, the sectors arising from it well separated and 
with gentle curvature; proximal end of the bridge slightly more identified vein 



Fig. 2. Venation of Morhmehna muensteri ((l«'niiai). 


Mi+a then ^^ith vein \1^; oblique crossvein 4 to 5 cells beyond the subnodus' 
veins M, and separated by a single row of cells as far as the brace vein of the 
stigma (at which point they are most approximated), then diverging, with three 
rows between; a straightened line of crossveins one row of cells behind th(* 
radial sector, simulates a radial supplement; veins and an' simiatcMl in their 
middle course, the space between them is widened at the sinuation and narrowed 
again beyond in the hind wing’ no crossveius are discoverable in the super-triangle; 
there are two in each triangle and there are at least three cubit o-anal cross veins; 
there are three rows of post-triangular cells, and in the hind wing there is a sinu¬ 
ous median supplement paralleling vein and separated from it, first by one, 
then by two, then by one, and finally by three lows of cells; the branches of the 
cubital vein in the hind wing are separated by a singh', row^ of cells, and are 
approximated beyond the level of the triangh*, vein Cuj having about seven distinct 
straight posterior branches extending to the hind margin; the compact anal loop 
consists of four cells, and behind it are at least two straight sectors extending from 
the cubital ’^^ein to the hind margin. . 

Dolseschna gen. nov. 

Type, D. elacatura sp. nov. 

Most nearly allied to Gomphcrschna. The venational ehiiracteristics of the genu.s 
are as follows- The stigma has a strong brace vein, and two additional crossveins 
meet its hind margin; ante- and post-nodal crossveins are in the fore wing 17 and 
8 or 9, and in the hind wing 12 and 9 respectively; the first two branches of the 
median vein are most approximated at the level of the stigma, after which they 
diverge to include two rows of cells to the margin; between the hinder of these and 
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the radial sector there are but two rows of cells from the upward bend to the wing 
margin; the oblique vein is but little more than one cell distant beyond the sub- 
nod\is; the last two branches of the median vein are sinuate beyond their middle, 
and include for a distance two rows of cells between them; a more or less distinct 
median supplement parallels the hinder of these, separated from it by a single row 
of cells; there are but four principal branches arising from the vein Cug. The 
arculus is somewhat angulate at the approximated origin of its sectors; there are 
two crossveins in super triangle and in triangle in all wings, and there are two 
eubito-aiial cross veins; there is a small anal loop, consisting of three cells, and there 
are no strongly developed sectors in the anal angle behind it. 

A very remarkable, primitive .'Estdmine genus, with hemispherical head, 
eyes touching on the dorsal side for a little way, ovipositor arcuate and with 
the abdomen curiously spindle-shaped beyond the constricted third segment. 

Dolsdschna elacatura sp. nov. 

Fig. 3. 

Ix'ngth 54 mm.; abdomen 42 mm.; hind wing 44mm. 

A brown species, apparently without thoracdf* stripes. Eyes contiguous 



for a distance somewhat exceeding the breadth of the vertical tubercle. 
Frons obtusely projecting, unmarked above, with an obscure transverse 
ridge across its superior margin. Face receding to the mouth; labrum 
yellowish with brown border. Occiput naked, very narrow, and deeply 
notched behind between the eyes: face and vertical tubercle pubescent. 
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with blackish hairs. I^egs moderately short and slender, reddish, darker 
on the knees and tarsi; claws with a very minute tooth under the middle. 
Wings transparent amber brown, hyaline at apex and behind triangles; 
stigma reddish brown. 

Abdomen constricted on segment 3, spindle-shaped beyond (whence the 
specific name), being depressed on segments 4-6 and strongly compressed 
on segments 7-9; brown, with pale (bluish ?) half rings bordering the middle 
transverse carina behind on segments 2-9, interrupted on the mid-dorsal 
longitudinal carina, and narrowed laterally to form paired lance-triangular 
spots on segments 4-7; segments 8 and 9 paler below. Segment 3, about 
as long as 1 and 2 together and slightly longer than segment 4. Segments 
4-6 are of equal length, and segments 7, 8 and 9 are successively a little 
shorter, with segment 10 liardly half as long as segment 9, and of verj^ 
peculiar form. It is abbreviated dorsally and declined at hind margin. 
It is prolonged ventrally from its hind margin, and the prolongation is con¬ 
cave ventrally at base to receive the upeurving tips of the ovipositor blades; 
it is (*oncave above at the tip, for the reception of the decurrent subanal 
lobes; the latter are clothed with re-curved hairs, and the hind border of 
the prolongation of segment 10 is beset with minute denticles. The palps 
of the ovipositor guides are about fis long as the 10th segment and each is 
tipped with a pencil of brown hairs of equal length; the appendages are 
broken off. 

Type, a single female from Mindai, Borneo, in the Museum of Compara¬ 
tive Zoology of Harvard College. 



69,67.86c(7) 

Article VH.— NOTES ON AND DESCRIPTIONS OF NEW 
FORMS OF CATOCALA. 

By William Beutenmuller. 

The notes on species of Catocala presented in this paper are the results 
of some of my studies on the species of that genus, and are published here 
in advance of my forthcoming monograph on the genus Catocala of Amer¬ 
ica, north of Mexico. 

Catocala jair Strecker. 

Catocala jair Stheckkr, Ent. News. Vol. VIII, 1897, p. 116. 

Two beautiful examples of Catocala jair from the Indian River district 
of Florida, are in the collection of Mr. Jacob Doll. In these specimens 
the basal area of the fore wings is dark smoky brown black and the median 
space brown, covered with blue gray scales. The reniform is indistinct, 
and the subreniform is round, whitish and ringed with black. From about 
the middle of the costa, is a black shade running obliquely to the middle 
of the transverse posterior line, where it is more pronounced. 

Tlie space between the transverse posterior and subterminal lines is 
brown. The terminal space is brown, rather densely covered with blue 
white sc’ales with a brown black dash from below the apex to opposite the 
prominent angle of the transverse posterior line. The basal line is short 
and black. The transverse anterior line is black, very slightly dentate 
and oblique, "nie posterior transverse line is very much less dentated 
than in Catocala arnica, with the teeth opposite the reniform very short and 
rounded; the rest of the line is slightly wavy. The terminal line is black 
and slightly dentate. The hind wings are similar in color to those of Caio- 
cola arnica, with the fringes brown, white at the apex, while in arnica they 
are brown tipped or cut with whitish. 

This species is closely related to C. arnica, but differs by having the 
fore w ings broader, ujore pointed at the apex, and the transverse lines less 
dentate, 

Catocala arnica Iluhner, 

Ephesia arnica HCbneu, Zulr. Exot. Schmett., 1818, p. 14, fig. 57 (upper side) 
and 58 (under side). 

CaU)cala lineella Guote, Trans. Am. Ent. Soc., Vol. IV, 1872, p. 18. 

Hiibner’s figure of Catocala arnica is the gray form with distinct dark 
transverse lines and without the black shade from the costa to the reni- 
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form ,and thence to below the apex on the outer margin on the fore wings. 
The anal black spot on the hind wings above is very minute, and the blade 
spot in the yellow field on the hind wings beneath is wanting. The type 
locality is Florida. 

An example of C, arnica in the collection of the American Museum of 
Natural History agrees very well with Hubner s figure, and it is the same 
as Grote^s variety lineella, Butler also states (Entomologist, Vol. XXV, 
1892, p. 214) that he is unable to separate AUotria {^Catocah) limdkt 
Grote from C. arnica Hubner. 

Catocala arnica var. androphila Oven. 

Caiocala androphila Guenee, Hist. Nat. Spec. Geri. Lepici., Torn Vll, Noct. HI, 
1852, p. 84; Grotp:, Trans. Ain, Ent. Soc., Vol. IV, 1872, p. IS. 

The description of Catocala androphila by Giienec applies to the form 
of Catocala arnica in which the fore wings are pale gray with the lines fine 
and not very evident. A more or less distinct black median shade on the 
costa above the reniform is continued beneath it, running upward to the 
external margin below the apex. 

Catocala Cordelia Hy. Edw. 

Noctua amasia Abbott & Smith, Nat. Hist. Lepid. Ga., Vol. II, 1797, p. 179, pi. 
90 (upper figure). 

Catocala Cordelia Hy. Edwahus. Bull. Brooklyn, Ent Soo., Vol. Ill, 1880, p. 59. 

The figure of Catocala amasia in the copy of Abbott and Smith in the 
American Aluseum of Natural History, agrees in color and markings with 
the species described as Catocala corddia by Hy. Edwards. The name 
amasia of Abbott and Smith is preoccupied for a European species de¬ 
scribed by Esper (Schmett. Europa, Tom. IV, 17S0, pi. cxciv, figs. 1, 2) 
and therefore Cordelia should be used iiLstead. Proft'ssor French’s figure 1, 
(Can. Ent., Vol. XXXIV, p. 97) is Catocala sancta Hulst and not C. amasia 
A. & S.; and his figure 2 is C. Cordelia; and figure 3 is what I consider to 
be C, amasia (^cordella). 

Catocala whitneyi Dodge. 

Catocala whUn<>yi Dodge, Can. Ent., Vol. VI, 1874, p. 125; ibid.. Vol. XXXVI, 
1904, p. 116; Quote, Bull. Buff. Soc. Nat. Sci., Vol. II, 1875, p. 222; Can. Ent., 
Vol. IX, 1877, p. 169; Papilio, Vol. I, 1881, p. 163; French, Synop. Qatooala 
Illinois, 1881, p. 9; Can. Ent., Vol. XXXIV, 1902, pp. 34 and 96; Angus, RapCio, 
Vol. IV, 1884, p. 37; Snow, Trans, Kansas Acad. Sci., Vol. VII, 1881, p. G. 
M. & E. A. Dodge, Can. Ent., Vol. XXXVI, 1904, p. 116. 

Catocala nuptialis var. whitneyi, Check List Lepid. Brooklyn Ent. Soc. 
p. 19. 

Catocala abbreviatella var. whitneyi Hulst, Bull. Brooklyn Ent. Soc., Vcd. VJX 
1884, p. 39. 
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I fully agree with Messrs. Dodge, Grote, French, and Angus in con¬ 
sidering Catocala wkUneyi a valid species and not a variety of C, nuptialis 
Walker, or C. ahbreviatella Grote, as placed by certain writers. 

The types of whitneyi were unfortunately destroyed by fire, as I am 
informed by Mr. Dodge, and the specimen in the Grote Collection in the 
British Museum, supposed to be the type is not one of the specimens from 
which the description was made. The species, however, is well known 
and easily recognized from the good description published by IVIr. Dodge. 
There are two forms of C, whitneyi, one with light grayish, and the other 
with dark bliickish, fore wings. Messrs. G. M. and E. A. Dodge who 
have taken whitneyi in numbers inform me that it is not found on tree 
trunks, like niatiy species of Catocalcc, but is to be found in open fields, 
particularly aroiind haystacks. 

Oatocala aliusa JIuhl, 

Catocala aliusa Hitlst, Bull. Brooklyn Knt. Soc., Vol. VII, 1884, p. 45, 

Catocala frenchii Polino, Can. Knt., Vol. XXXJIl, 1901, p. 125. 

The type of C. alhmi Ilulst is a female in the E. Ia Graef collection, 
Brooklyn Institute of Arts and Sciences, and it is identical with C. frenchii 
Poling, then* being no <lifferenccs in color and markings whatever. A 
male example of aliusa is also in the collection of Mr. Jacob Doll, which 
is somewhat dark(*r in tin* color of the fore wings than the t}^e fonn. 

Habitat: Washington ((iraef Coll.); New Westminster, B. C. (Poling 
Coll.), and Colorado (Doll Coll.). 

Catocala ultronia II iibner. 

Euveiis ultronui HI’BNKK, Zutruge Exot Schmett., 1828. p. 26. fig. 347 (upjH^r 
side) and fig. 348 (under side). 

Catocala ulironui var. mopsa Hy. Edwards, Bull. Brooklyn Ent. Soc., Vol. Ill, 
1880, p. 58. 

The form of Catocala ulfronia figured by Hiibiier has the fore wings 
rich brown, with a darker shade from the btise to near the middle, and one 
beyond the reniform to the margin of the wings. It is the same as the 
vari(;ty mopsa Hy. Edwards, The type locality of ultronia is Pennsylvania. 

Oatocala violenta Hy, Edu\ 

Catocala violenta Hy. Edwards, Bull. Brooklyn Ent. Soe., Vol. Ill, 1880, p. 58. 

Catocala chiricahua Poling, Can. Ent., Vol. XXXIIT, 1901, p. 127. 

In the Bulletin of the American Museum of Natural History, Volume 
XIX, 1903, p. 507, I stated that O. chiricahua looked suspiciously like the 
female C. violenta and that it was probably the same. Mr. Doll informs 
me that he is also of this opinion, and his specimens which he considers 
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the females of C. violenta agree with C, chiricahua. According to Dr. 
Henry Skinner, C. violenta flies early in the evening among the tree tops 
making it very difficult to capture with the net. 

Oatocala eldoradensis Beuten. 

The species described as Catocala mariana Hy. Edwards, MSS. by 
Strecker, in his Lepidoptera Rhopalocera and Heterocera, 1874, p. 99, is 
synonymous with Catocala calif arnica and the species described subsequently 
as Catocala mariana by Ily. Edwards in his Pacific Coast Lepidoptera, 
no. 14, 1875, p. 33, is an entirely different looking insect. The name mari,- 
ana cannot be employed for the latter and a new name is required. I 
propose for it Catocala eldoradensis. The name C. mariana also comes 
in conflict with the European Catocala mariana Rainbur (Cat. Syst. And. 
1858, taf. ix, fig. 4). 

Catocala pura Huht. 

Larva: Head rather small, 3J mm. high, and of equal width; slightly bilobed, 
flattened in front, with a polished setaceous tubercle on each lobe a little below the 
apex; color whitish, with reddish brown reticulated lines, those on the face not 
reaching the mouth part s at the sides and the frontal triangular piece; on each side 
is an irregular, narrow, black line, disconnected at the summit and running down¬ 
ward to the upiH»r ocelli. The triangular frontal piece is white and narrowly mar¬ 
gined with black. Ocelli black. Antennie and palpi white. Mandibles white 
margined with black. Body whitish, sprinkled with mmierous brownish dots, 
not contrasting; jMliferous sjx)ts whitish, not conspicuous and prominent; eighth 
segment with a transverse fold-like ridge, on and behind which the dots are some¬ 
what more numerous; eleventh segment somewhat elevated. Lateral fringes white. 
Underside white with a small reddish patch between each pair of thoracic feet, and 
a large red brown patch on each of the remaining segments, except the last. Thoracic 
feet white. Abdominal legs white with a few brownish dots; last pair with a short, 
elongated black mark at the middle, anteriorly. Anal legs white with a few brown 
dots. Length, 68 mm. 

Food-plant: Cottonwood (Populus fremonti). 

Described from a single inflated specimen, kindly placed at my disposal 
by Mr. Jacob Doll, the Curator of insects in the Brooklyn Institute. A 
number of larva' of Catocala 'pura were collected by Mr. Doll, in the Beaver 
Valley, Utah, from which he reared a .series of specimens, varying from 
the type form with unifonn grayish white fore wings, to forms more or less 
covered with black scales or shades, to almost uniform dark gray examples, 
proving that C. pura is a very variable species. 

Oatocala amatriz Hiihner. 

Lamprosia amatrix HCbner, Samml. Exot. Schmett., Bd. II, 1806, Lep. IV, 
Noct. Ill, Semigeomet. VIII, Bleph. B. Coccinse, 2, figs. 3 (upper side) and 4 (under 
side). 
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Catocala nurus Walker, List Lepid. Ins. Brit, Mus., Pt. XII, 1857, p. 1195. 

Catocala selecta Wamleb, List. Lepid. Ins. Brit. Mus., Pt. XII, 1857, p. 1197. 

Hllbner^s figure of Catocala amatrix is the form with a broad dark 
brown basal streak on the fore wings and another similar streak from the 
reniform to the outer margin below the apex. Walker’s Catocala tturm is 
the same as Htibner’s species. The name amatrix was heretofore applied 
to the form with pale brown fore wings without the brown shades which 
Walker described as Catocala selecta. The species ^ill have to stand as 
follows: 

Catocala amatrix HUbner (dark form). 

Syn. C. nurus Walker 

Var. selecta Walker (pale form). 

Oatocala delilah var. calphumia Hy. Edw 

Catocala calphumia Hy. Edwards, Bull. Brooklyn Ent. Soc., Vol. Ill, 1880, p. 59. 

The type of this form is a female in the collection of the late Dr. James 
Bailey, Albany, New York, and was examined by me. 

The specimen looks suspiciously like an exotic species allied to the 
European Catocala nymphcea E.sper or it is an undersized aberration of 
Catocala delilah. The fore wings are almost unifonn dark browm with a 
very slight greenish tint and the transverse lines and marks are quite indis¬ 
tinct. The transvei*se anterior line is oblique and almost even. The trans¬ 
verse posterior line with the dentations as in delilah. In the hind wings 
the yellow (lentral area is very narn)\v and the basal area is black with a 
slight yellow field at the extreme base. The outer margin is very broad, 
black, with the fringes yellow, cut with brown. The apex is yellow. Ex¬ 
panse 54 mm. 

Habitat : Kansas 

Oatocala parta var. petulans Ilubt. 

This variety was described from a small specimen evidently bred from 
an under-fed larva. It differs from C. parta only by being smaller and 
paler in color. It is not worthy of a name. 

Oatocala ilia Cramer. 

Noctua ilia Cramer, Pap. Exot., Tom. I, 1779, pi. xxxiii, p. 53, figs. C. B. 

Cramer’s figure of Catocala ilia is the dark browm form with the reni- 
fonn dark and ringed with white; a few white marks on the costa, a white 
shade on the transverse anterior and posterior lines, and whitish subter¬ 
minal line. The black band on the hind wing reaches the inner margin. 
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Oatocftla ilia var. conapicua Worthington, 

Catocala uxor Guen^e, Hist. Nat. Ins. Spec. Geii. Lepid., Tom. VII, Noct. Tom 
III, 1852, p. 92. 

Catocala ilia var. conspicua Worthington, Papilio, Vol. I, 1881, p. 40. 

Catocala Uia var. duplicata Worthington, Papilio, Vol. I, 1881, p. 40. 

Catocala albomacula Butler, The Entomol., Vol. XXV, 1892, p. 284. 

The name uxor Guenee (1852), is preoccupied hy Catocala uxor Hubner 
(Sainml. Europ. Schmett., Lepid. IV, Noct. 3, fig. 328), a European species 
{^elocata Esp.), and therefore cannot be used as a name for a variety of 
Catocala ilia. Butler (1892) mentions Catocala albomacula Edw. as being 
the form of ilia with the reniform spot wdiolly white; but I have been unable 
to find a description of C. albomacula by Edward, and the name conspicua 
Worthington will have to be used until that point is settled, 

Catocala nubilis llubncr. 

Parthenon nuhHis HCbner, Sanmil. Exot. Bchmett., Bd II, 1806, Lepid. IV, 
Noct. Ill, Semigcom. Bleph. C. Fhiv. 2, fig. 3 (iipjier side) and 4 (under side). 

Hubner’s figure of Parthenos uuhilis is the form with almost uniform 
dark gray brown fore w*ngs, marked with white on the transverse posterior 
line at the costa, the reniform .spot partly ringed with white, but very faintly 
so, and with slight indi<*a1ions of a few indistinct whiti.sh dots in the subter¬ 
minal space. 

Catocala nubilis var. fasciata, var. nov. 

In this form the median s[)H(‘e between the transverse anterior and 
posterior or subtenninal lines is moni or less clouded or covered with white. 

Catocala angusi Grotc. 

Catocala Grote, Can. Knt., Vol. VHI, 1876. p. 231; Bull. Bufi‘. Soc. Nat. 

Sci., Vol. Ill, 1877, p. 188, pi. V, fig. 1; Angus, Papilio, Vol. IV, 1884, p. 36. 

This species was described by Grote from sjiecimens sent to him bv 
James Angus, bred from larva* collected at West Farms, New York City. 
Grote’s description incorporates three distinct forms of C, angusi, as already 
pointed out by James Angus (Papilio, IV, p. 36). In the Angus Collection 
is a fine series of C. angusi, including a type male. This type is the form 
with plain gray fore wings with a black mark at the lower angle of the trans¬ 
verse posterior line at the inner margin, and I propose that this form be 
considered the type of C. angusi. It is the one figured hy Gmte in the 
Bulletin of the Buffalo Society of Natural Sciences, Vol. Ill, pi. V. fig. 1. 

Catocala angusi var. edna, var. nov. 

Catocala amjusi Grote (in part), Can. Ent., Vol. VIII, 1876, p. 331; Bull. Buff. 
Soc. Nat. Sci„ Vol. Ill, 1877, p. 188, pi. v, fig. 2; Angus, Papilio, Vol. IV, 1884, 
p. 36 (form B), 
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This is the form figured by Grote (Bull. Buff. Soc. Nat. Sci., Vol. Ill, 
1877, pi. V, fig. 2) which has on the fore wings a distinct, rather broad streak 
in the middle, running from the base across the anterior transverse line to 
the subreniform mark. Otherwise it is like the type form. 

Habitat: West Farms, New York City. 

Described from ten specimens in the Angus Collection, American. 
Museum of Natural History. 

Catocala angasi var. lucetta Hy. Edwards, 

Catocala residua var, lucetta Hy. Edwards, French, Synop. Catocala Illinois, 
III, 1881, p. 4. 

Catocala angusi Angus, Papilio, Vol. IV, 1884, p. 36 (var. 6). 

Catocala amjusi var. lucetta Hulst, Bull, Brooklyn Ent. Soc., Vol. VII, 1884, 
p. 55. 

Catocala flebilis Holland, Moth Book, 1903, p. 262, pi. XXXI, fig. 11. 

Two types from Carbondale, Illinois, collected by G. H. French, are 
in the Hy. Edwards Collection in the American Museum of Natural History 
and arc labeled CatacaUi residua var. lucetta Hy. Edw. In the Augus Col¬ 
lection are twelve fine specimens of the same variety bred from larvae the 
same as those producing the type form of C. angusi and variety edna 

Lucetta is the form with a very broad black shade on the fore wing; it 
commences at the base and runs to the outer margin below the apex. The 
band is, as a rule, more or less interrupted by the reniform and subreniform. 

Catocala Judith Strk, 

Catocala judith Stueckeu, I^epid. Rhop. Het., 1874, p. 95, pi. xi, fig. 5 (Aug. 
1874). 

Catocala lcx>ettei Grote, Trans, Am. Ent. Soc. Vol. V, 1874, p. 95 (Sept. 1874). 

Catocala orha Kusnezov, Rev. Husse Entoniol., Vol. Ill, 1893, pp. 166-168, 
figs. 

The male and female types of Catocala judith Strecker are in the Angus 
Collection, and the species described as Catocala orba is without a doubt 
the same as judith. The published %ure of C. orba corresponds exactly 
with the specimens of C. judith in our collection. 

Catocala staudingeri Beutm, 

Catocala aspasia Statjdinger, Iris, Vol. IX, 1896, p. 400. 

The name Catocala aspasia used by Staudinger for a species from Mar- 
din, Turkey in Asia, is preoccupied by Catocala aspasia Strecker, (Lepid. 
Rhop. Het., 1874, p. 94) and I propose for it Catocala staudingerL 
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Atum TO.—MICROLEPIDOPTERA FROM THE BIACiC 
MOUNTAIN REGION OF NORTH CAROLINA, WITH 
DESCRIPTIONS OF NEW SPECIES. 

By W. D. Kearfott. 

Plate VIIL 

The material forming the subject of this paper was collected in the 
Black Mountain region, Buncombe Co., North Carolina, by Mr. Wm. 
Beutenmiiller, during the several expeditions he has made to this interest¬ 
ing region under the auspices of the late Dean Hoffman, afterwards con¬ 
tinued by his son Mr. Samuel V. Hoffman. 

Altogether more than 140 species of microlepedoptera have already 
been determined, which number will be increased when all of the material 
is worked up. A complete list will appear in Mr. Beutenmiiller’s report; 
in the following pages reference is only made to the species supposedly 
new to science and to such others as have been bred or on which compara¬ 
tive notes are thought necessary. 

The opportunity has been taken to figure five species, nos. 6, 7, 14, 16, 
and 18, not very well known, and which have not been figured before in 
this country. 

I am indebted to Mrs. Beutenmiiller for the easily recognized drawings, 
reproduced on the plate, and also for many of the larvce which she took 
much interest in collecting. I have also to acknowledge the help of Dr. 
Dyar in identifying several Phycits and the assistance of Mr. Busck with 
several of the Gelechids. 

Cotyi>es of all of the new species are deposited in the Collections of the 
American Museum of Natural History, and in my collection. 

P3rrau8ta fissaUB Orote. 

Two specimens, one bred from larva on leaves of sassafras and one on 
goldenrod; received May 28 and June 1;. in pupa June 8; issued Jun^ 21. 
Larva 28 to 30 mm. long, cylindrical, tapering very much to each end; 
grayish yellow, shining, tubercular plates large, shining, stained with brown 
around the edges, ia and ib joined in shape of figure 8. Head and P. T. 
shield pale brown. Pupated in slight web in crumpled leaves.* Pupa, 
very dark brown. 
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Pyrausta aglealis Walker, 

One specimen, bred from larva on butternut, received June 15, issued 
July 16. 

I^arva shining, wet looking, semitransparent, pale yellow, brownish 
red dorsally on segments 3 to middle. Head small, triangular, pale brown, 
mottled with darker brown. P. T. shield same, with large dark brown 
patches on either side of dorsal line, on posterior edge, extending down to 
spiracles and forming a distinct collar. Dorsal tubercles on metathoracic 
segment on large brown j)lates Lateral plates on segments 4, 5, and 6 
also large and much darker than skin; other plates large but concolorous. 

Folds leaf into large cell or cavity; frass not ejected, but compressed 
into a large moist mass. 

Pyrausta signatalis Walker "t 

One specimen, Valley, June 26. All other specimens I have seen of 
Walker\s species art^ a uniform shade of pink. This specimen is heavily 
shaded with reddish brown, with a broad eiliate ochreous band; the white 
transverse lines are, however, e.xa(‘tly like typical examples. 

Acrobasis caiyivorella fiagonol. 

Four specimens bred from larvw in eases between the leaves of alder; 
one received May 18 had already pupated; others received June 8, pupated 
a few days later. Moths issued June 22 to 29. Larva leathery, dark gi'ay 
or greenish black. Head reddish-brown, P. T. shield ochmous browm, 
both head and shiehl very rough, their surface seeming to be covei*ed with 
minute globules; on mesothoiacic segment tubercle ib is on a large black 
and red chitinous plate. Larval case of grains of black trass and silk, 
serpentine in shape when of small diamehT, but becoming straighter or 
cornucopia like when the larva is inatun*. Cocoon formed by spinning, 
a rounded cover over the end of the case, or sometimes between tw o leaves. 
A large Hymenopterous parasite was bred from one larva. 

AcrobasiB kearfottella Dyar. 

One specimen, bred from larva in case betw^een leaves of hickory, received 
May 28. 

Larva with skin of leathery brown texture. Case of grayish white silk 
with an occasional grain of grass, soraewdiat flattened, its small diameter 
serpentine, enlarging into a chamber 20 mm. long by 6 mm. wide by 4 mm. 
thick. Pupa in cocoon spun in the large outer end of the case. 
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Salebria contatella Grote. 

Two specimens bred from larva on locust, received May 28 and June 
6. Moths issued July 4 and 7. Mature larva agrees with description by 
Packard, p. 361, Fifth Report of Entomological Commission; but just 
before pupating the green becomes dull red. Cocoon, flattened oval, spun 
among debris at bottom of breeding jar. 

Platyptilia Carolina sp. nov. 

Plate VIII, Fig. 17. 


Expanse 22 to 25 mm. 

Head, palpi, tliorax and fore wing clay yellow. The fore wing is minutely dotted 
with a darker shade and the costa from inner third to outer fourth is dusted with 
blackish scales. There is a dark brown dot below costa, about a third from base, 
and another on lower lobe just within and below inner end of cleft; on the apex of 
the second lobe is a similar spot. There is a preciliate line of blackish brown on the 
termen.s of each lobe; a paler line separates another but less dark line from the long 
scales of the cilia, which are pale purplish fuscous. The hind wing is the same 
color as the fore wing but with a faint pinkish tinge, with brownish lines before the 
cilia, and a tiny black dot near outer end of cilia of third lobe. The body is shaded 
with brown posteriorly and on the sides, with a few w’hitish scales in the lateral tufts. 
Legs bleached straw color, dusted with brow^n. 

1 have a darker specimen, w here the ground color is more thickly pow’- 
dered with brown, and all of the dark lines and spots arc accentuated. 
This specimen shows a tiny brown dot at the base of the first lobe, just 
above the dot on the .second lobe; the hind margin cilia are also mixed 
with black scales on the outer half. Three specimens, “Valley,’* May 27 
to June 26. 


Exartema hippocastanum sp. nov. 
Plate VIII, Fig. 2. 


Expanse 21 to 22 mm. 

Head olivaceous browm in w^hich are mixed blackish brown scales, face cream 
color. Palpi cream color, outside of tuft on second joint stained with blackish 
fuscous on inner half of upper edge and the low^er outer end of tuft; apical joint 
black with a tiny w^hitish dot on extreme apex. Antennie fuscous, paler within. 
Thorax pinkish brown in front, gray in the middle divided by a black line, behind 
which are pink scales tipped with white; the tuft is of long fuscous scales tipped 
with pink, and with several white scales inserted; patagia fuscous and pink with 
lateral scales white. Abdomen, first joint white, others fuscous on upper side, 
white on sides, ochreous w'hite beneath, tuft ochreous. 

Fore wing with the usual Exartema scroll-work. The inner fascia transversely 
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across wing at inner fourth on costa to inner third on dorsal margin^ divided into 
two parts by a narrow broken line of brown, and each side is divided by a leaden 
metallic blue line; its inner edge is deeply excavated for more than half its length 
in the middle, the outer edge sends an oblique spur through middle of cell and is 
indented a quarter above dorsum. The outer fascia begins on costa a little beyond 
middle in the form of two outwardly oblique costal dashes, which run into a flattened 
ovate patch over end of cell, which sends out two spurs at right angles to each other, 
one to the anal angle and one to dorsum at about two-thirds from base; the latter 
sends a short spur obliquely upward at about the middle of its length, which almost 
meets the outer spur of the inner fascia. This outer fascia, like the inner, is divided 
by a narrow brown line and each side subdivided by leaden blue. From the costa 
beyond this fascia are three gomimite streaks, the two inner coalescing below and 
sending a spur down to middle of wing at outer margin; between this spur and the 
margin is a vertical geminate line. The basal area, within the inner fascia, contains 
a roughly triangular pale patch of the same shade and construction as the fasciae, 
separating this from inner fascia is the ground color. Cilia fuscous, with a black 
spot at apex, and two pink streaks below apex, and two pink streaks above anal 
angle. The dark ground color, between the fascia? is velvety black but more or less 
heavily overlaid with ochreous red scales, in some specimen the overlaying scales 
are rich Indian red. The fascise and spots are pale shining pinkish white and fuscous, 
subdivided by sliining leaden or steel blue. On the costa where these pale fasciae 
and spots overlay it, the color is creamy white and there arc six spots of this color. 
In the specimens of the Indian red type, the thorax and head are several shades 
darker than described and frequently the white scales are missing. 

Hind wing olivaceous brown, cilia w'hite and patch above cell white; underside 
creamy white mottled with fuscous at apex and below costa. Underside of fore 
wing smoky fuscous with costal spots and spots in cilia repeated. 

Six specimens, bred from larvse feeding on buckeye, collected by Mrs. 
Beutenmiiller, May 18 

My notes on the larvae an? uncertain, a? two species were in the same 
box but it is likely the following may be applied to this species. “ About 
16 mm. long, very intense green, head and P. T. shield small and jet black, 
slightly tapering to either end. Rolls and crumples the ends of the leaves 
often involving more than one leaf.” 


Ezartema merzickanum sp. nov. 
Plate VIII, Fig. 1. 


Expanse 18 to 20 mm. 

Head yellowish-gray. Palpi whitish yellow, with a blotch of fuscous on outer 
end of second joint, and a tiny dot of the same color at base, outside; apical joint 
black. Thorax ashy gray mixed with olivaceous scales, posterior ends of patagia 
and thoracic tuft white. Abdomen white on segment beneath thoracic tuft; other 
segments fuscous, shining; anal tuft ochreous-brown. 

Fore wing grayish white and olivaceous gray, with a dark shade from base to 
middle of costa and a large triangular patch of Indian red in apex, enclosing an oval 
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black spot. The usual Exartema scroll-work is almost obliterated in this species. 
There are three olivaceous patches, one on fold at inner fourth, one below fold just 
beyond middle, and the third before anal angle; beyond the third is a patch of 
whitish shining scales with reddish and brown strigulaD, involving the anal angle 
and forming the inner boundary for the red apical triangle. There is a paler streak 
from inner fourth of dorsal margin to outer fourth of costa. The inner half of costa 
is dotted with cream and black; in the middle of costa is a quadrate spot of red 
and black scales; beyond this to apex the costal dashes are red and white, with a 
black dusting in the red; at the outer third the costal dashes send down leaden 
metallic lines which curve outward and run into the pale patch at anal angle, similar 
lines rise from the costal dots before apex, join together and run to middle of outer 
margin through the red patch and outside of the black spot. A small red and black 
spot on the middle of the wing at the end of coll. Cilia shining pink, with a nearly 
black patch at apex and three or four blackish scales between apex and anal angle. 

Hind wing smoky brown, cilia white; underside gray white, with a streak of 
smoky brown below the cell and in the apex; cilia white. Underside of fore wing 
smoky brown, except along costa and termen which are creamy yellow. 

Forty specimens: Black Mountains, N. Car., Valley, June 12; New 
Brighton, Pa., June 3 to Aug. 12, F. A. Merrick; Algonquin, Ill., July 8 
to 13, Dr. Nason; Iowa City, Iowa, June 29, Prof. Wickham; Chicopee, 
Mass., F. Knab; Pittsburg, Pa., Henry Engel. 

Nearest to E, corylanum Fern,, but the latter is smaller and the promi¬ 
nent dark triangle in apex is absent. 

Exartema versicoloranum C/cm. 

One specimen, bred from larva on black oak, issued June 5. Ten 
other specimens captured in valley between June 2 to 26. 

Olethreutes nimbatana, var. montanana var. nov. 

Plate VIII, Fig. 3. 

One $ specimen, Mt. Graybeard, June 9. Larger and darker than 
nimbatana, the outer edge of the dark area nearly vertical, not curving 
inward as in nimbatana. The apex and extreme termen is much more 
heavily overlaid with dark scales and streaks. 

Hind wing very dark smoky fuscous, cilia broadly paler. Expanse 
20 mm, 


Ettcosma obfuscana Riley. 

One specimen, Valley, June 11. I quite agree with Dr. Dyar in separat¬ 
ing this from E. acudderiana Clem. 
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Epinotia ilidfoliana sp. nov. 

Plate VIII, Figs. 8 and 9. 

Expanse, and 9,13.5 to 15 mm. 

Head dull gray, shaded with brown above eyes; palpi dark gray outside, lighter 
gray within; antenna 3 dull fuscous. Thorax dull gray, mixed with brown scales, 
with a purplish gleam, which is particularly strong on anterior and posterior ends 
of patagia. Abdomen silky fuscous above, faintly tinged with purple, below shining 
cinereous, dtvrker on anal joints; legs shining cinereous, fore and middle tibia? and 
tarsi annulated with brown. 

Fore wing grayish cinereous, in a broad band from inner half of costa to dorsal 
margin, which is connected with large ocellic spot of the same shade. Dorsal patch 
to inner third on costa and half on dorsum, boundary line dentate; dull brown on 
dorsal half shading into cinereous brow'ii above, and w^ith a small grayish cinereous 
patch on dorsum. The costa is inarkcd with about eleven purplish brown dots, 
between each a tiny dot of the same color, separated by shining gray; beyond the 
middle pale HtrijDe these dots are large and conspicuous, the inner one (at middle of 
w’ing) being extended downward to end of cell, then joining a crescent shaped dash 
of the same color w^hich sends a spur into the apex; above thi.s crescent mark the 
costal spots are outlined below' by yellow; the dark apical spot is the largest and is 
hook-shaped outw’ardly. Before the anal angle is a small triangidar browmish spot, 
sometimes sending a yellowish line to the crescent above it. Ocellus not distinctly 
defined, but the gray ocellic region covers the o\iter third of wing below the crescent; 
it is slightly strigulated with vertical rows of brown scales, a curved one before the 
margin being most prominent. Cilia below' the apical spot, dull fuscous outw'ardly, 
shining gray within. 

Hind w'ing smoky brown, darker toward ajicx, cilia paler, preceded by a dark, 
then a light line. Underside of both wings browm with a faint grayish pubes(!cnce, 
costal spots of fore wing repeated. 

Larva 12 mm. long, color dull yellow', green shining through in irregular blotches 
on dorsal and lateral regions. Head, prothoracic .shield and thoracic legs black. 
A large polisheil black tubercule just in front of spiracle and a smaller one on base 
of leg, on joint 2. Anal shield green, not chitinous. Prothoracic shield divided by 
a paler dorsal line. 

This .species is quite variable, and rang(*s to a form in which the central 
gray fascia is almost obsolete, the dark area covering all of tlie costal and 
inner half of wing, tln^ gray only appe*aring on the outer dorsal half, below 
tlie crescent to the boundary of the basal patch. 

Bred from larvte tying and crumpling the young leaves and terminal 
twigs of a species of Ilex, probably verticillata Linn., collected by Mrs. 
Beutenmiiller on Mount (Iraybeard, No. Car., full grown May 20, in pupa 
May 27, and issued between June 10 and 20. Also bred by the w^riter 
from the same food-plant in Essex County Park, N. J., with about tho 
same dates; found on one bush only, about six feet in diameter and the- 
same height. About the middle of May for the past six years, this bush. 
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is covered with the webs of these larvae, as many as one hundred having 
been counted at one time, but a month later almost every vestige of their 
work had disappeared. I have only taken one specimen on the wing 
July 4. 

Pupate in tight, dense cocoon spun in debris, or frequently in a small 
flap cut out of leaf and turned under. Breeding numbers K. 212, K. 465 
and K. 543 placed temporarily under Epinotia; the structure does not fit 
with any of the Tortricid genera credited to North America. 

Antennae, cJ' and 9 i slightly dentate. Palpi with a flattened, triangular tuft 
of closely appressed scales on second joint, outer joint very short, obtuse not hidden. 
Long scales in circles above eyes, corning together above fomiing a slight crest 
l)etween eyes and a larger posterior one on head. Thorax smooth. No tufts of 
raised scales on fore wing, and no costal fold in J'. Fore wing slightly arched at 
base of costa and near apex, nearly straight Iretwecn; apex rounded, deeply indented 
beneath a{)ex, at ends of veins v and vi. Temien below evenly rounded into dorsal 
margin. Venation: 1 from middle of cell, 3 separated from 4, and bent downward 
to inner third, then upward until it approximates 4 at termen; the spaces between 
4 -f 5, 5 -f 6, and 6 + 7 about equal; 7 from within upper angle of cell, 7 and 8 
stalked for half their length, 7 to tenuen and 8 to costa. 

Hind wing. 3 and 4 stalked for about one third, 5 approximate; 6 and 7 closely 
approximated at base. 

Ancylis puichellana Ckm, 

Plate VIII, Fig. 10. 

One sp(‘eiin(*n, Valley, June 2. This species’^has^always been in our 
lists under tlie gtuius Proteopieryx, The type is in the collection of the 
American Entomological Society, Philadelphia; it is very close to A, laeini- 
ana Zell, and A, diibiaim Clem. 

Enarmonia eclipsana ZelL 

Four specimens, summit of jNIt. Graybeard, May 26, and Valley, June 3. 
This species was omitted by Fernald in his original Catalogue of North 
American Tortricids, 1882, and apparently for the same reason has been 
omitted from all subsequent lists, notwithstanding a very beautiful figure 
of the species is given by Zeller in Verb, zool.-bot. Ges. Wien, plate IX, 
Fig. 29, 1875. 


Heniimene nigromaculana sp. nov. 

Plate VIII, Fig. 5. 

Expanse 11 to 13 mm. 

Head clay brown, crests above eyes olivaceous brown, under side of face whitish* 
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Pfdpi cream color, with outer half of tuft on second joint dull black; a small black 
‘dot at base of first joint, above. Antennse fuscous, paler between joints. Thorax 
•olivaceous, posterior end of patagia cream color. Abdomen olivaceous brown, 
anal tuft cream; legs creamy wliite, dusted with brown. 

Fore wing: — Scales black at base, ochreous at tips, causing the ground color 
to appear as fine vertical strigulaj of ochreous on a black ground. From the middle 
of the dorsal margin four white lines converge towards the upper end and terminate 
at middle of wing, slanting outwardly to end of cell; the two middle lines are the 
most distinct, the outer ones being somewhat broken and not quite reaching the 
apex of the cluster. Between these and base, on dorsal margin, are two shorter 
white lines, inwardly oblique ending at fold, they are somewhat angulated with a 
tendency to turn outward at the upi)er end. On the costa Ixjfore the middle are 
two pairs of white dashes, resting on the costal fold, from the outer pair a shade 
•of blue continues to the apex of the cluster of white lines. Beyond the middle 
another pair of white costal dashes gives rise to a metallic blue line which curves 
outward and inward before the termen to the aiuil angle, enclosing at the end of the 
cell a rounded ochreous yellow spot divided by three horizontal black lines. On 
the outer fourth of costa are three single white dashes, the middle one sending off 
a blue metallic line which ends beneath the a|)ex on the terrnen; a few blue scales 
outline each of the other two dots. On the extreme outer margin are five velvety 
black dots, the two upper ones being separated by a white dash, the outer end of 
which overlaps the cilia. There are two white dots on the low’cr side of the ochreous 
patch at end of cell, w ith a spur from the long blue metallic line enclosing the outer 
one. The male costal fold is nearly half the lengt h of the wing. Cilia shining fuscous 
preceded by a paler line. 

Hind wing:Smoky brown, paler tow^ards base, cilia fuscous preceded by a 
paler shade; underside the same with a whitish shade over the cell. Underside 
of fore wing shining bronze browui, dotted wdt,h white along costa, and the cilia 
•cut wath a white dash below the apex. 

Two specimens: Valley,'* June 1. 

Lipoptycha albolineana sp. nov. 
riate VllI, Fig. 11. 

Expanse 13.5 mm. 

Head olivaceous brown, face and palpi light clay brown. Antenn® pale clay 
brown, darker between joints. Thorax dark gray; abdomen black above paler be¬ 
neath, anal ttift clay brown; legs the same with tarsi pow^dered wath blackish scales. 

Fore wing; — Dingy brownish black, with several sordid white transverse lines. 
At inner third a geminate white line from costa to dorsum; just beyond middle 
a short oblique line goes to middle where it nearly joins a similar line from costa 
beyond; the two form a rough triangle enclosing a spot of ground color of the same 
shape, below the lower ends of these two lines is a vertical white line from dorsal 
margin, slightly outw^ardly oblique. On the outer fourth of costa are two shorter 
white lines, the outer one curving under the apex. From the anal angle a similar 
white line runs to lower end of cell. The black preciliate line is cut by four or five 
small whitish dashes. 
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Cilia gray, overlaid with smoky brown scales outwardly. Hind wing and under¬ 
side of both, dark smoky brown, cilia paler, and the white costal spots repeated 
on fore wing. 

Two specimens, ‘Tlalf-way-place/* June 8. 

Archips rileyana Grote. 

Many specimens, bred from larvje, in communities, webbing together 
masses of the leaves of horse-chestnut, lleceivcd June 4; majority in 
pupa June 8; moths issued June 24 to 30. At least two hymenopterous 
parasites bred. 


Tortrix albicomana Clem, 

Two specimens bred from larvte received May 28, mixed with the larvse 
of Telphnsa latlfasciella Cham. From huckleberry. 

Eulia juglandana Fern. 

Five bred specimens. Two lots of larvm received May 28 and June 8, 
on leaves of hickory; one larva on leaves of Viburnum acerifolium received 
June 15. The moths issued from the former June 18 to 23 and from the 
latter July]. 

The larva; on both food ])lants were alike, 23 to 24 mm. long, cylindrical 
slightly tapering yellowish green, darker along dorsal line; head dirty yel¬ 
low, marked with brown lines and dots on sides of lobes. P. T. and anal 
shields not chitinous. 

Larvae on hickory, live between two leaves, or between the two surfaces of 
one leaf folded over, using a considerable quantity of silk. Pupated in a 
fold of leaf in a rather dense, .white silk cocoon. 

Phalonia ednana sp. nov. 

Plate VIII, Fig. 13. 

Expanse, cJ' and 9,13 to 14 mm, 

Antenn© golden brown, dark brown at base, biciliated in male. Head grayish 
ochreous, darker above eyes and mixed with dark scales in front. Palpi grayish 
ochreous within, with a line of dark brown scales on upper edge, outwardly the latter 
color, outer joint short, obtuse, black except extreme apex which is yellow. Tuft 
on second joint rather narrow, long, projecting slightly forward in points above 
and below third joint, but not concealing it. Thorax smooth, with flattened, slight, 
posterior tuft; dark brown, the tips of the posterior scales and scales of patagia 



162 


Bulletin American Museum of Natural History, [Vol. XXIII, 


ocbreouB. Abdomen gray, with a purplish hue on middle segment, anal tuft 
ochreouB. Legs pale gray, annulated with dark brown. 

Fore wing: — Cinereous or yellowish gray, with a blackish spot covering basal 
area and another on costa at middle. The gray ground color is stained with pale 
yellowish ochreous and faintly tinged with reddish browui on apical third and below 
costal spot. The basal spot is outwardly rounded extending to inner fourth at 
middle, slightly indicated at lower median vein, it and the costal spot are very dark 
brown, on which are superimposed a few reddish brown scales. The costal spot 
is about the same size as basal spot, about one fourth length of wing on costa, 
extends down to middle of wing. On the dorsum are six or seven brownish fuscous 
spots, a faint strigulte of fuscous ascends toward costa from each, those in the middle 
of the wing, running into the costal spot arc most distinct, the middle one forming 
a prolongation of the lower apex of the spot and is cdg(?d with yellowish. In the 
apical part of wing is a long sinuate line, broadest at costa, extending down to below" 
middle of wing and ending at terinen, composed of fuscous and reddish brow n scales. 
Cilia yellowish gray, interrupted by a few fuscous scales. ITnderside smoky brown, 
light cinereous on costa beneath the paler spaces of up})er surface. Hind wing 
above dark gray, cilia a shade paler; beneath pale gray with brown vertical reticu¬ 
lations, cilia paler. 

Described from about forty specimens from tlie following localities: 
Ilalf-way place, Black INTountains, N. (^ir., June 29; Chinchilla, Pa., 
June 26 (A, E. Lister); Hazleton, Pa., July 12 to 28 (W. G. Dietz); Wyo¬ 
ming Co., Pa., 2300 elevation (Lister and Kearfott); Warren, Mass., July 
12, (Kearfott); Center Harbor, N. IL, No. 18.387 (II. G. Dyar); Ottaw^a, 
Can., July 10 (C. H. Young). Named in honor of Mrs. Edna L. Beuten- 
muller, who not only makes beautiful drawings of insects, but collected 
most of the larvte, the notes of wdiich ap])ear in this paper. 

In Wyoming Co., Pa., I found the species fairly abundant, flying close 
to the ground and usually alighting on twigs or the blackened stumps of 
a burnt over spruce forest; betwwn the showers on a rainy day the majority 
of the specimens were found resting on these stumps. At Warren, Mass., 
they were found in a small woods of spruce and hardwood trees, flying close 
to the ground and usually alighting on twigs or on the ground. 

The venation agrees with Meyrick’s figure of Phalonia, excej)ting 3 
and 4 of hind wings are connate, hence the species will later be transferred 
to a different genus. 


Phalonia hoffmanana sp. nov. 

Plate VIII, Fig. 4. 

Expanse 12 mm. 

Head and thorax blackish brow-n mixed with paler brown scales. Palpi pale 
brown with a few darker brown scales on outside of second joint and on third joint.' 
Antenna fuscous, paler at base. Abdomen blackish brown, anal tuft ochreous. 
Legs' cream colored dusted with brown. 
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Fore wing: — Olive and dark brown, with patches and lines of iridescei# pinkish 
ochreous, raised scales. The basal patch, which extends to middle of costa and 
inner fourth of dorsal margin, is pale pinkish brown or pinkish ochreous, with a 
small rectangular brown spot on the costa at inner fourth, containing two small 
black dots, there are four small black dots on costa on each side of this brown spot 
in the pale basal area. Below the costa the pale color is lightly dotted with darker 
brown. Beyond this area, and occupying the middle third of the wing, is a large 
triangular dark brown area narrow on costa but extending to anal angle on dorsal 
margin. It contains numerous vertical black strigulcB and two small patches of 
pinkish ochreous scales on each side Wow the fold, and is margined on costa by 
black dots. Beyond it a narrow, angulated band of pinkish ochreous scales starts 
from costa at outer fourth and runs obliquely to anal angle; this line is interrupted 
on end of cell by a small patch of dark brown scales. Beyond this is a flattened lunate 
patch, extending from a little below costa to anal angle, of olivaceous brown, hori¬ 
zontally streaked wath black. % Between this and the apical margin is a larger lunate 
patch of rich brown, also lined with black; this involves the costa before the apex 
and extends down to middle of outer margin; the two lunate patches are separated 
by a broken line of iridescent scales, a line of the same outwardly defines the dark 
brown patch and is continued as an autimarginal line into the anal angle. The 
cilia is ochreous brown overlaid with fascous and preceded by a broken line of black 
scales. All of the pinkish ochreous scales are shining, iridescent; those on the 
outer half of the w’ing are raised in clusters and lines. The most conspicuous tuft 
is in the middle of the wing at the end of the cell and another just before the anal 
angle below the fold. 

Underside of fore wing, very dark blackish browm, with four whitish dots on 
outer half of costa; cilia ochreous brown, with three blackish patches and preceded 
by a blackish line inside of which is a narrow^ ochreous line. 

Hind wing: - Rich smoky brown, cilia leaden metallic, shaded darker inwardly 
and preceded by a fine yellowish line. Underside blackish brown, wuth whitish 
vertical strigulse. 

Four specimens, Mount Graybeard, May 2; Valley, June 3 to 12, 
Named in honor of Dean Hoffman, whose interest and love of science 
has made possible the discovery of this and many other species. 

Phalonia obliquana sp. nov. 

Plate VIII, Fig. 12. 


Expanse 20 to 22 mm. 

Head clay yellowy a shade darker on tufts behind the eyes. Palpi clay yellow, 
shaded with brown outw'ardly and with a white patch on the upper side of second 
segment. Thorax olivaceous yellow, patagia clay yellow and whitish at base. 
Abdomen and legs clay yellow, the latter speckled with browm, the dark color pre¬ 
dominating on the first two pairs. 

Fore wing:—^Clay yellow, with rich cinnamon brown spots and lines. There 
is a large kidney shaped patch of brown in the middle of the wing, with the small 
end resting on the middle of the costa and the lower end, which is pointed, on the 
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middle df the wing, separated from the lower end by a line of shining whitish scales 
is a small oval shaped spot; these two spots form an oblique fascia from middle of 
costa towards the anal angle but do not reach below lower vein of cell; obliquely 
inwardly is a triangular brown spot on the dorsal margin, which is a continuation 
of the fascia but separated from the spots above by a streak of clay colored scales. 
There is a long streak of brown from base nearly to middle of wing, a shade of the 
same color from base along dorsal margin, and another shorter streak from base 
along costa. Between the middle and largest basal streak and the triangular dorsal 
patch is a diamond-shaped patch of brown, separated on both sides by shining white 
lines. There is a submarginal line of brown from anal angle to apex, unevenly 
indented on the outer side between the veins Between this line and the middle 
fascia there is a patch of brown scales becoming paler tow'ards costa, and on costa 
between outer fourth and a|)ex is a small lunate s|>ot enclosing a small dot of clay 
yellow. Another small dash of brown at end ot vein eight. The pale spaces on 
upper fourth of w’ing on each side of middle fascia are shining whitish yellow' scales, 
and on the costa are marked with three of four brown specks before and about half 
a dozen beyond the fas(*ia. The lines separating the various brown spots and patches 
are usually of the shining whitish scales. Cilia clay yellow^ 

Hind wing shining cinereous, darker at apex and on outer ends of veins; cilia 
whitish except at aix^x, shaded with (inereous. Underside w’hitish, with a few 
scattered darker scsales along the veins. Underside of fore wing coppery brown, 
clay yellow' along costa and cilia. 

''Pwelve specimens, Black Mountains, N. Car., “Valley^’; Hastings, 
Fla.; Winnipeg, Manitoba, Ilanhain. 

The Florida specimens are sornewhat i)aler than the description; the 
dark brown being largely replaced by the ground color, but the outlines 
of the spots and fascia can be seen by tlie shining wdiitish boundary lines. 

The apt'x of the fore wing is pointed, tennen straight and oblique, all 
veins separate but three and four very ciose together at origin, seven to 
termen and its origin close to eight. Hind wing three and four rather 
widely separated, six and seven stalked. 

Telphusa latifasciella Cham, 

Eight specimens, brejd from larvce on huckleberry, webbing and tying 
together the tender young leaves. Received May 28, issued June 10 to 21. 

I.»arva 10 to 12 min. long, slender, yellowish white, green on dorsal line; 
head and P. T. shield pale yellow. 

Gelechia unctulella Zdler, 

Eleven specimens, bred from larva; webbing together the leaves of 
common locust. Larvse received May 28 and June 6, moths issued July 
10 to 21. 
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Larva slender, tapering, pale green, with three darker stripes on each 
side, the width of the pale and dark stripes about equal. Head and P. T. 
shield dull yellow; anal shield not chitinous. Length 14 to 15 mm. Just 
before pupating the pale green becomes pinkish red and the darker stripes 
purplish red. 

Pupa in a snug little cocoon between two or more leaves; shining chest¬ 
nut brown, much broader across thorax than elsewhert', evenly tapering to 
anal end. 


Oelechia vemella Murtf. 

Fifteen specimens, bred from larvse on leaves of black oak; received 
May 24, issued June 10 to 15. 

Larva slender, tapering, pale green, with three darker stripes of equal 
width on each side. Head, P. T. shield and thoracic feet jet black; a 
broad, dull brown band on posterior half of second thoracic segment, extend¬ 
ing its entire circumference. Anal shield not chitinous. I-^ength about 
12 mrn. The green color becomes reddish when mature. Pupa shining, 
pale brown, in a web between the leaves. Some of the larvse were badly 
infested with a minute dipterous parasite. 

Depressaria puhipe&nella Clem, 

Two specimens, bred from larvfe webbing the young leaves of a species 
of Eupatorium ’j received June 13 and 25; moths issued July 9 and 15. 

Depressaria robiniella Pack. 

Two specimens, bred from larva* webbing the leaves of common locust; 
received June 6 and 16; moths issued July 1 and 4. 

Depressaria l3rthrella Wlsm. 

Two bred specimens; larvae received June 27, webbing the leaves of a 
low shrub (identity not known); moths issued July 20. J-<arva dull whitish 
green, no lines or stripes; pupating in debris in bottom of breeding jar in a 
slightly built cocoon. 

In Walsingliam^s description of this species, he states that the larvae 
are found in the leaves of Lythreum alatum (Illinois). These North Caro¬ 
lina specimens agree closely with Walsingham’s description, except that 
they are a trifle larger,— 17 mm. instead of 15 mm. 
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(Ecophora newmanella Clem. 

Thirty-eight specimens, all flown, summit of Mt. Graybeard, May 26, 
and Valley May 28 to June 8. The variation in this long series is consider¬ 
able, ranging from the form with prominent and well defined basal streaks 
to examples with the streaks almost obsolete, represented by a few ochreous 
scales only. 

Antispila Ilubner. 

Syyiopsis of t^pecies. 


With white apical spot. 

No apical spot. 

1, Outer joints of antennae white. 

Not white. 

2, With no dorsal or costal spot. 

With dorsal and costal spots. 

3 Costal spot extended into an angulated fascia . . . 

Costal spot of moderate size. 

4, Fascia and spots golden hued. 

Fascia and spots silvery white. 

6, Fore wings reddish coppery on outer half . . . . 

Fore wings not coppery. 

6, Fore wing^s purple brown, without# greenish reflection 
Fore wings dark brown with greenish reflection 


. 1 . 

. 2 . 

hydrangicRella Chain 
ampelopsieUa Cham. 
eugmiella Busek. 

.3. 

. . major Kearf. 

.4. 

.5. 

vUlcordifoliella Clem. 
cornijoliella Cham. 

. 6 . 

. . isabella Clem. 

nyssmfoliella Clem. 


Antispila major sp. nov. 

Plate VI II, Fig. 15. 

Alar expanse 9 mm. 

Head, face, palpi, abdomen, and logs shining grayish bronze. Thorax shining 
bronze, not gray. Antenna), basal and apical third brown, middle third silvery 
white. 

Fore wing bronze brown, slightly shining. Spots and fascia pale golden, shining, 
the scales of the spots somewhat raised and occur as follows; Base broadly metallic, 
from costa to dorsum, outer edge inwardly curved. Fascia at inner third nearly 
straight, not wider on dorsal than costal margin, constricted at fold, and nearly 
separated into two spots of about equal siz^. Dorsal dash at outer third narrow, 
oblique outwardly to middle of wing, the metallic scales overspread the cilia, equalling 
in size and shape the spot on wing. Costal dash at apical fourth, obliquely inward 
to cell, thin angulated outward to anal angle, where it expands into a triangular 
blotch, roughly shai)ed like the letter S. Hind wings and cilia of both gray browm, 
not metallic. 

Three specimens, Black Mountains, N. Car., ‘‘Valley,*' June 2, 8 and 

10 . 
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Oracflaria sassafrasella Cham. 

Four specimens, bred from larvte forming the characteristic cones on 
the leaves of common sassafras. Received June 9, issued June 22 to 29. 

Larva 7.5 mm. long, slender, lemon yellow, head light brown, only three 
pairs of abdominal legs, or four pairs including anal claspers. Pupates 
under yellow silk cocoon, spun in a wrinkle of a leaf or in the angle of a box. 

Epimartyria auricrinella Wlsm f 

Two specimens. Valley, June 1. Too badly rubbed to be abiSolutely 
certain of specific identity; one specimen has an ochreous head with wing 
expanse and general color scheme of atirwrimlla; the head of the other is 
entirely denuded. 


EXPLANATION OF PLATE VIII. 

Fig, 1. — Exartema merrickanum Kearfott. 

2. — Exartema liippocaaianum Kearfott. 

3. - Oleihreuks nimbatana var. monianana Kearfott. 

4. — Phahnki hoffmanana Kearfott. 

5. Ilemimeru' ni/jramaculana Kearfott. 

G. -- Exartema versicoloranum Clemens. 

7. — Thiodui sifjnatana Clemens. 

S. — Epinotia ilirifoliana Kearfott. 

9. — Epinotia ilidfolmna Kearfott. 

10. — A nnjHs piUcheUana Clemens. 

11. — Lipoptyrha aJbolineana Kearfott. 

12. — Phalonia obliquana Kearfott. 

13. — Phalonia ednana Kearfott. 

14. — Uemimene incarnana Clemens. 

15. — AntispHa major Kearfott. 

16. — Platyptilia acanthodactyJa Hiibner. 

17. — Platyptilia Carolina Kearfott. 

18. — Diamnia roseojyennalis Hulst. 




66 . 9 ( 1182 : 78 . 3 ) 

Article IX.— A LOWER MIOCENE FAUNA FROM SOUTH 

DAKOTA. 

By W. D. Matthew. 

One of the principal desiderata of students of fossil mammals in this 
country has been the discovery of a fauna which should connect up the 
latest of the AVhite River with the earliest of the so-called Loup Fork faunae 
of the Western Plains. A considerable gap in time .separated the two, 
and the intervening sediments are as a rule very barren, and have yielded 
but a scanty fauna. This gap is in part filled, in the opinion of most au¬ 
thorities, by the John Day formation of Ort^gon. But the John Day fauna 
is much more nearly allied to the White River than to the earliest Loup 
Fork faunae, and the geographical separation and different conditions of 
deposition of this formation from those of the Plains made it uncertain 
how far its faunal differences from the upper White River might be explained 
as varying facies of a contemporary fauna rather than indications of later 
age. 

l^he first intermediate fauna found east of the Rockies was obtained 
from the la^ds underlying the Deep River beds (lower Loup Fork) in Mon¬ 
tana, and described by Scott in 1893. Prof. Scott regarded it is equivalent 
to the upper John Day {Promerycochccriis beds). The exposures however 
were limited and the fauna a .scanty one. In 1901 and subsequent years 
Hatcher and Peterson conducted a vigoro\is and successful search on behalf 
of the Carnegie Museum in the formations overlying the White River in 
Sioux Co., Nebraska, and in 1905 the great Agate Spring fossil quarry 
was discovered and worked with extraordinary success. Mr. Hatcher 
published some geological observations upon these beds in 1902, but his 
untimely death prevented his sharing in the appreciation of their age and 
important position in the faunal series, which could only be understood 
after preparation and study of the specimens was more advanced. The 
prosecution of this work is now in the able hands of Mr. Peterson, who has 
already published two important memoirs and several minor papers dealing 
with this new and interesting fauna. 

In 1902 and 1903 the American Museum parties collecting in the Ix)up 
Fork of South Dakota, south of White River, made a brief reconnaissance 
of the beds lying between the lA>up Fork and White River formations, 
and found a few fossils suflScient to indicate their age as lA)wer Miocene, 
and the local term of Rosebud beds was proposed by Matthew and Gidley 
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for this intermediate formation. In 1906, when the work in this region 
was resumed, Prof. Osborn authorized a thorough search of these rather 
barren and unpromising beds, in view of the probable importance and 
interest of whatever fossils might be found in them. The results of the 
first season’s work have fully justified Osborn’s decision, the fauna being 
almost, entirely new, and supplying two intermediate stages of evolution 
between the Oligocene and later Miocene. Although probably nearly 
equivalent in age to the Agate Springs fauna it prestmts a very different 
facies, as far as comparisons have been made. Only a small part of the 
collection has yet been studied and comparc'd in the museum; for the 
remaind(‘r the determinations are those made by the writer in the field, 
and are merely approximate and in no case specific. The results already 
attained, however, seem of sufficient interest to warrant their publication, 
especially desirable in connection with Prof. Osborn’s forthcoming corre¬ 
lation of the mammal faunte of the American Tertiary and Quaternary. 

The western part of the formation attains a thickness estimated at 
500 feet on Porcupine Creek, a southern tributary of White River. The 
base is taken at a heavy white stratum which appears to be identical 
with the stratum capping the White River formation on Sheep Mountain 
in the Big Badlands. This stratum can be seen extending interruptedly 
across the river to She(*p Mountain about twenty miles distant, cap¬ 
ping several intervening buttes and projecting points of the underlying 
formation. ’Fhe Rosebud beds at the bottom approximate the rather 
hard clays of the upper lA'ptauehenia beds, but become progressively 
softer and sandier towards the top, and an* capped at Porcupine Butte* 
by a layer of hard quartzitic sandstone. S'weral white flinty calcan'ous 
layers occur in the beds, one of which, about half-way uj), was used to divide 
them into Upjier and Tiower. The stratification is very variable and in¬ 
constant, lenses and beds of soft fine graint‘d sandstone and harder and 
softer clayey layers alternating with frequent channels filled by sandstones 
and mud-(‘onglomerates, all very irregular and of limited extent. The hard 
calcareous layers art' more (‘onstant. A bed of volcanic ash lies near the 
top of the formation and there may be a considerable percentage of volcanic 
material in some of the layers further down. These volcanic ash beds 
should in theoiy^ be of prt'tty wide extent, and may be of considerable use 
in the coirelation of the scattered exposures on the heads of different creeks — 
a veiy difficult matter without their aid. 

These b(*ds fonn the uppcT part of the series of bluffs south of the White 

lAfi isolated butte at the “Bird" head of Porcupine Creek, which is a well known land¬ 
mark in this riein'hborhood. It appears to be misplaced or wrongly identified in Barton's 
usually accurate map. 
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River on the Pine Ridge and Rosebud Reservations and are exposed in the 
upper part of the various tributary creeks. The name Arickaree^ has been 
applied by Darton to these and various more or less similar formations 
overlying the White River in the Central Great Plains. In northeastern 
Colorado the Arickaree beds are known from their fauna to be middle 
or late Miocene; in the bluffs south of White River in South Dakota they 
are Lower Miocene — possibly in part Oligocene; for the most part their 
age is unknown. Hence the term Arickaree, if Darton’s connotation 
of it be accepted, must be used in a broad way — somewhat as Loup Fork 
has been used by most writers — to signify deposits of similar lithologic 
character and stratigraphic position, but of quite different age in different 
parts of the Plains. Terms of more local application and more exact 
meaning are necessary for palax)ntologic work, and their wider correlation 
on faunal grounds will progmss hand in hand with determination of their 
exact position in the general geological scale. By the time we can be sure, 
for instance, that the Rosebud beds are contemporaneous with the Fort 
Logan beds of Montana, we will also be sure of their precise position in 
the Pliocene or Oligocene. Continental deposits of fluviatile origin are of 
necessity scattered, discontinuous, and of varying age in differtmt sections, 
and by their very nature do not admit of the widespread correlations of 
marine deposits in which uniform conditions and continuous deposits may 
prevail over wide areas. The exact equivalence of two deposits in separated 
areas is, wdien it oeeurs, a mere coincidence, and for satisfactory comparison 
of faunas the attempt to extend minor subdivision names over wide areas 
leads merely to confusion. 


Lower Roselmd Fauna. 


The following species have thus far been identified from the Low'cr 
Rosebud beds: 


CARNIVORA. 


Nothocyon gregorii sp. nov. 

“ 'I'nlpinns sp. i\ov. 
Meaocyon rohustnH sp. nov. 
Enhydroryon crassklens sp. nov. 
Nhnra'im^s aeeiaior sp. nov. 


RODENTIA. 

Entopfyehus formosus sp. nov, 
“ teurtus sp. nov. 


'Dr. Hav has called my attention to the fart that the term Arickaree has been previously 
^plled by (jraRln to a subdivision of the Cretaceous and should not therefore be used for a 
Tertiary formation. 
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Steneofiber ^panms Cope. 

“ simplicidens sp. nov. 

** sciuroides sp. nov. 

brachyceps sp. nov. 

Eulmpsis gauhdon sp. nov. 

Meniscomys sp. 

Lejms sp. 

PEHISSODACTYLA. 

ParaJlipjms sp. 

Anchlfherivw sp. 

Dicpratherhim sp. div. 

AUTIODACTVLA. 

FAotherium sp. 

Eporeodon sp. div. 

"tMesoreodon sp. 

Promerycochorrus sp. div. 

Leptavchenia sp. 

Ilyperiraguhis ordinafus sp. nov. 

Upper Rosebud Fauna. 

The fauna of the Upper Rosebud is almost entirely distinct, few species 
passing through. 

(ARNIVORA. 

Cynodesvius ihmmmi sp. nov. 

“ minor s}). nov. 

MegaUctis ferox gen. et sp. nov. 

Oligobunis lepidus sp. nov. 

INSKCTIVORA. 

Arctorycies icrrenus gen. et sp. nov.^ 

RODENTIA. 

Ilcteromyid gen. indet. 

Entoptyckus curt ns sp. nov. 

yorinosus sp. nov. 

Lepiis macroccphahis sp. nov. 

** primigenius sp. nov. 

PERISSODACTYLA. 

Parahippvs 

Diccratherium 

1 Chrysochlorld, gen. indet., Matthew, Science, N. S., Vol. XXIV, p. 786, De(\ 14, 1906. 
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ARTIODACTYLA. 

Desmathyus pineneis gen. et sp. nov. 

Merychyus sp. nov. 

Merycochoerus sp. 

‘tMiohMa sp. 

Blastomeryx advena sp. nov. 

Comparison with American Oligocene and Miocene Faunae. 

The Rosebud fauna is very clearly related to the John Day. The great 
majority of the species in the lower Rosebud and many of those of the upper 
beds can be referred to John Day genera but show, whenever adequate 
comparison can be made, a very considerable advance upon the species of 
the John Day. The rest of the species show a sufficient advance upon 
John Day or White River species for generic distinction, but the entire 
fauna is an outgro^^i;h of the Oligocene (White River and John Day) faunee 
and contains no new (immigrant) elements, with the single exception of 
Blastomeryx. Comparison with the Middle and Upper Miocene fauna; 
is more difficult on account of our imperfect knowledge of so many of the 
species. For the most part they appear to be a further outgrowth of the 
Rosebud fauna, but contain several new elements which cannot be derived 
from this source. The most prominent of these are the Proboscidea, the 
Pecora (modernized ruminants), the Protohippince^ (horses with long- 
crowned cemented teeth and reduced lateral metapodials but retaining a 
vestigial pollex), and probably certain phyla among the Carnivora (Lutrina?, 
etc.). Aside from these foreign elements of the later Miocene, the Rose¬ 
bud fauna presents two stages in the evolution of the Miocene fauna, fairly 
intermediate between the John Day and the Deep River-Pawmee Creek. 
A considerable number of the genera of the Upper Rosebud are found in 
the Deep River or Pawnee Creek beds; the remainder are sufficiently 
more primitive for generic separation or represent phyla that have not 
survived. If the John Day represents the Upper Oligocene of Europe 
and the Deep River-Pawnee Creek the Middle Miocene, the Rosebud rep¬ 
resents an earlier and a later phase of the Tx)wer Miocene. Stratigraphic- 
ally it appears to be continuous with the White River formation, and I do 
not think there is any considerable break between them. But the fauna 
is much closer to that of the John Day than to the highest known White 
River fauna (Protoceras beds). There is, however, a considerable thickness 
of barren clays (Upper Leptauchenia beds) overlying the fossiliferous Pro- 


1 Gklley, unpublished. 
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toceras beds, and it is probable that these barren clays, in which hardly 
anything but Lepta'uchenia has been found, represent the John Day or 
Upper Oligocene stage. The dift’erence in thickness is rather startling, 
the John Day being 1800 feet thick while the Upper Leptauchenia beds 
are about 100 feet. But the John Day is a volcanic ash and tuff formation, 
probably of comparatively rapid deposition, while the deposition of the 
Oligocene and Miocene series on the Central Plains was in most places 
comparatively slow, measured by the faunal change from one level to another, 
and this is especially true where it is composed exclusively of very line clays. 

The discovery of these intermediate stages will enable us to clear up the 
relations of most of the Oligocene and Upper Miocene genera and to trace 
the descent of the various phyla and subphyla much more exactly than has 
hitherto been possible. The more elaborate studies and extcnisive col¬ 
lections of the past few years in the American Tertiaries have shown that 
the simple phyletic series, based upon more fragmentary and imperfect 
data than are now available, are true only in a general and approximate 
way. Recent phylogenetic study has tended quite as mu(*h to n(‘gative 
as to positive results — to break up accepted })hyla as much as to reinforc(‘ 
them by more complete knowledge of the mor})hology of the genera. It 
is peculiarly satisfactory" therefore to find a fauna whicli is intermediate 
between two stages hitherto disconne(‘ted, and enables us to perceive the 
exact relationships between genera which (*ould until now b(‘ connected 
only in a general or provisional way. The preliminary results here pre¬ 
sented are very incomplete, and various additions and modifications may 
be needed wdien the collections are more eoinplet( ly prepared and studied. 
But some relations are already tolerably clear. 

Among the Carnivora, the Rosebud species referred to Nothx)cyori, 
Mesocyon and Cynodesnm^ bridge the gap between these genera, those 
from the lower beds being somewhat nearer the earlicT forms, while the 
upper beds species are closer to the more advanced tyj)e of Cynodesmus. 
Their dentition is v(*ry like that of modern Canidte, in brain and foot struc¬ 
ture they are very different, and much nearer to the Oligocene (’’anidte. 
The aberrant Oligocene Canid Enhydrocyon, and Oligobunis, which is 
more probably a Musteline, survived into the Lower Miocene. 

With Oligohuni.s is found in the Upper Rosebud a larger* and more 
advanced genus of Mustelines which bridges the gap between the primitive 
Mustelidff* of the Oligocene and the modernized foyms of the later Miocene 
and more recent formations. The Dinictis j)hylum of Mach^enidonts 
appears in the Rosebud beds, with the dental formula reduced to that of 
Hoplophxmcus and Machoerodus but retaining the characteristic proportions 
of jaw and teeth of Dmirfis. It may be provisionally referred to Nimra'ims, 
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but is a larger and more advanc(?d species than any known from the John 
Day beds. 

The discovery of a Chrysochlorid mole is a veiy interesting one. I 
have elsewhere^ pointed out its importance in palieogeography. 

The Rodents are well represented in this fauna, by a series of skulls and 
parts of skeletons. The John Day genus Entoptychus continues through 
the formation with species approaching Tlwmomys in some respects, but 
in others somewhat nearer the Heteromyidse. The Oligocene genus Steneo- 
fiber branches out into a number of divergent species, wliich are almost 
generically distinct. From one of these the Upper Miocene (Eucastor) 
Dipoides may be descended; the others probably are not continued. The 
European Steneofiher is, according to Schlosser, directly ancestral to the 
modern beaver, through the Upper Miocene Chalicomys. But the structure 
of skull and skeleton is scarcely known in Chalicomys, and SchlosseFs 
argument is as usual founded principally upon the structure of the teeth. 
His statement, however positively expressed, can only be accepted pro¬ 
visionally, since, as Peterson has sliown, the Steneofibers of this country 
at least, were animals of rather specialized fossorial habits, and the trend of 
their evolution in America is certainly not in the direction of the modem 
beavers. It is quite possible, however, that from the Oligocene Steneo¬ 
fibers have descended Castor in Europe, Dipoides and Mylagaulus in Amer¬ 
ica, the last through some form related to Euhapsis. 

The Hares are reprt^sented in the Rosebud fauna by s|)ecies which can¬ 
not be separated from the modem genus Lepus, although the tooth pattern 
is more primitive in many minute details. The feet are as modern as the 
teeth, and present no distinctions of generic importance although in many 
ininutiie they retain vestiges of a more primitive construction. 

The Equidae arc represented in this fauna only by species of the Mesohip- 
pinee (with short-crowned uncemented teeth, lateral toes typically reaching 
the ground, but no vestige left of the pollcx). l''he genus Parahippus 
occurs in the upper beds, and in the lower beds are Mrsohippus and a tran¬ 
sitional fonn between the two. These forms do not appear to be directly 
ancestral to Merychippus and the other Protohippina\ in which the vestigial 
pollex is I’etaincd, although it is lost even in the Middle Eocene Orohippus. 
The Protohippinse are probably an immigrant group, appearing first in the 
Middle Miocene. The Mesohippime continue along with them through 
the Middle and Upper Miocene in the genera Parahippus, IlypMppus, 
and Archxcohippus, to which the Rosebud species afford an excellent tran¬ 
sitional series from Mesohippus and Miohippus of the Oligocene. 


* ‘Bcience,’ loc. cit. 
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The Parahippus of the upper Rosebud has the lateral digits more 
reduced than in Neohipparion, and we may yet find species of this genus 
completely monodactyl, paralleling the direct line of descent of the modern 
horse, and more advanced in foot structure while more primitive in teeth. 

Rhinoceroses are not common in the Rosebud beds on Porcupine Creek, 
only two skulls having been found. They have been provisionally referred 
to Diceratherium, with which they appeared in the field to agree. If this 
reference is confirmed, and no intermediate forms turn up later, we may 
conclude, as Osborn has already suggested, that the Aphelops-Teleoceras 
group of Rhinoceroses were of Old World origin and not derived from the 
rhinoceroses of the American OHgocene. 

The Tapirs are indicated only by a single lower molar, which adds 
nothing to our knowledge of their development. 

The Oligocene genus Elotlwrium persists into the Lower Rosebud. In 
the Upper Rosebud the true peccaries are represented by an intermediate 
stage between the Oligocene Perchesms {Thinohyus) and the more special¬ 
ized genera of the later Tertiary. 

The camels are n^presented by two or more species, apparently of the 
genus Miohhis^ as seen in the field, and not far from M, transmontanus 
of the Mascall beds in Oregon. They have short-crowned teeth, upper 
incisors unreduced, and separate metapodials, and differ cliiefly in size 
from the John Day camels. In the Middle Miocene of the Plains the 
camels have long-crowned teeth; some have separate, others united meta¬ 
podials, and the upper incisors 1 and 2 are generally present though often 
reduced in size. In the Upper Miocene the teeth are long-crowned, the 
upper incisors absent, the metapodials united. 

Oreodonts are very abundant in the Rosebud. Promerycochwrus is 
very common in the lower beds, and there are various smaller Oreodonts 
with short-crowned teeth probably referable to Mesorcodon and Eporeodon, 
LepUiuchenia is found only in the lower levels of the Lower Rosebud beds. 
In the Upper Rosebud Promerycocharus is replaced by Merycochcerus and 
the smaller Oreodonts by Merychyus, a primitive species allied to M, arena- 
rum Cope. 

The smaller ruminants are represented in the L<owcr Rosebud by Hyper- 
tragiilus, an advanced species as compared with the John Day or White 
River types; and odd teeth and jaw fragments indicate other small rumi¬ 
nants of this family. In the Upper Rosebud the Hypertragulidce have 
disappeared and their place is taken by Blasiomeryx, the most primitive 
of the Merycodontinae. This is a true Pecoran and the earliest from this 
country. It has the characteristic form of the cannon bones of fore and 
hind foot, the distal metapodial keels extending over the superior surface of 
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the articulation, and various othSr distinctive features to which no approxi¬ 
mation is made in any of the older American ruminants. It must be regarded 
therefore as a forerunner of the several immigrant types of the Middle Mio¬ 
cene already referred to. 

Comparison with the Lower Miocene of Northwestern Nebraska. 

The collections made for the Carnegie Museum by Hatcher and Peter¬ 
son at the headwaters of the Niobrara River are chiefly or entirely of Lower 
Miocene age, as Peterson’s recent studies have shown. The exact corre¬ 
lation of the several faunal levels with those of the Rosebud is not yet advis¬ 
able. It is quite probable that many species will be found common to both 
regions, but as far as published results and comparison of prepared material 
have shown, the faunse have less in common than one would expect, and 
perhaps represent somewhat different facies. The present indications are 
that they cover about the same geological time. 

Comparisons with European Faun.®. 

The three principal faume with which the Rosebud can be compared 
are: 

^ St. Gerand-le-Puy, .... Upper Oligocene 

^ Orleanais . . . . .... Lower Miocene 

® Sansan.Middle Miocene 

These are the faunse taken by Osborn as typical of these three Tertiary 
stages. 

Close comparisons can be made in but few instances with any of the 
European faunae, and for the most part we must depend upon the greater 
or less degree of approach to modern t^^es for correlation. Where any 
close comparisons can be made, it usually means that a phylum developed 
in one region has extended its range to others, and we expect to find it more 
advanced in its original home than in its later range, and least advanced 
in the regions most remote from its place of origin. 

1. St. Gerand. — Comparison with the St. Gerand fauna gives the 
following data: 

The European Lagomyidfe correspond to the American I^porida», 
but Titanomys of St. Gerand is much more primitive than Lepus of the 
Upper Rosebud, corresponding in its stage of molar development to the 
earliest Pakeolagus (P. brachyodan, temuodon) of the Low’er White River. 

Steneofiber viciacensis of St. Gerand is less specialized than the Steneo- 
fiber of the Lower Rosebud, corresponding more nearly with the John 
Day species in its stage of development. 


IMarch, 1907,] 
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Poiamcdhermmy Proailurusj and Amphieyon lemanensis are compara¬ 
tively modernized; Plesicfis, Amphictw, ''HerpesUs^* lemanensisj and 
Palmogak mustelinay are primitive survivals, related to the Phosphorite 
fauna, and equivalent in development to the White River and John Day 
carnivora, much more archaic than anything in the Rosebud. Cephalogale 
appears to be quite nearly related in dentition to Cynodesmus thomsoni 
(infra), judging from Filbors figures of C. hrevirostris. 

CcBTwthermm in the St. Gerand fauna takes the place of the American 
Hypertragulidsp, which are characteristic of the White River and John 
Day, although one or more species survived into the Lower Rosebud. 
Ilyotlwrium compares with Perehoprus of the White River and Thino^ 
hyus of the John Day, but is decidedly mort' primitive than the Rosebud 
species referred to Thinohyus. Dremotherium of St. Gerand is a primitive 
stage of the Pecora which first appear in this country in the much more 
advanced Blastomeryx of the Upper Rosebud. An exact comparison, 
however, of Dremnthermm and Amphitragalus with Blastomeryx is not 
practicable, the phylogeny of the Pecora being far from clear.' 

From the above data it would appear that the St. Gerand faun^ is on 
the whole decidedly more ancient than either of the Rosebud fauna? and 
more nearly equivalent to the John Day. 

2. OiiLEANAis. — The data for comparison with this formation arc 
not very satisfactory. The carnivora and rodentia are of no especial value 
for the purjK)se, exc'ept Chaheomys, which may be compared with the 
specialized Sleneofibers of the Rosebud as an ecpiivalcnt but divergent 
outgrowth from the primitive Steneofibers of the Oligocene, and Myolagns, 
which is nt'arly as modernized as the Rosebud Lepus. Proboscidea first 
appear in the Orleanais beds while in America they first appear in the 
Deep River; as this group has been shown to be of African origin its ear¬ 
lier appearance in the European than American Miocene would be expected. 
On the other hand the Eipiidfc are mort? advanced in the Rosebud, Para- 
htppus being a step btwond Anchiiherium\ and as this group aj)pears to 
be of American origin, we should expect to find it inoi'e advanced in Amer¬ 
ican formations than in their European equivalents. Lisirwdon, and Bus 
palworhcerus might be regarded as more modernized than the Rosebud pec- 
caiy, I'lyofhcriiini chxroides hardly as much. 7'eleocercut aurelianensis com¬ 
pares with Aphelops of the Deep River (Pawnee Creek) fonnation and is 
probably a more advanced type than the Rosebud rhinoceroses. 


11 am unable to accept Hchlosser’s view that the Pecora are in part (Hivatheriina* Cenhalo- 
] derived from the American Hypertragulidte (including Proifjceraa) in nart 
(Giraffln®. Cervidje, and the remaining Bovida*) of P:uropean ancestry. l^eirS2?acterFstlc 
and unique foot struemre is not approached by any of the Anierican Eocene or 

suddenly, and /ully developed. In the Miocene ofXs coSmry.* It fs vSv 

hat the group is rather of Asiatic than Euronean nHcrin n.nri Oo 
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Altogether the Orleanais fauna may be regarded as a near equivalent 
of the Rosebud, more advanced in groups of Old World origin, more primi¬ 
tive in groups of New World origin, but lacking in closely related types. 

3. Sansan. — This fauna appears distinctly more modernized than the 
Rosebud, and compares fairly well with the Deep River and Pawnee Creek 
fauna. Amphicyon and the Chalicotheres attain much larger size, the 
rhinoceroses are larger and more advanced, Palwormryx and allied genera 
appear, and all the more primitive ruminants have disappeared. In all 
these respects it is decidedly later than the Rosebud. The horses remain 
primitive and there is little opportunity for comparison in the rodents and 
most of the carnivora. 

The above comparisons indicate that the Rosebud faunee are later than 
the Upper Oligocene, and earlier than the Middle Miocene of the Euro¬ 
pean standard. Their position is thereby fixed as Lower Miocene, the 
Lower and Upper Rosebud representing an earlier and a later stage. 

DkscriptioxVs of New Spk(ues. 

The only parts of the collection at present accessible for study are the 
Camivora, Rodentia, Equid«% and a few of the smaller Artiodactyla. The 
Equidte, although fragmentary, afford .some interesting data on the phy- 
logeny of the family which will be prt‘sented by Professor Osborn in 
another contribution. 


CARNIVORA. 

Canid^e and Mustclida* are well rt‘pn‘sented, but Felida* appear to be 
rare, as only a single lower jaw was found by our party. Procyonidse 
should also be included in this fauna, as the skeleton of Phlaocyan from 
the Martin Canon beds in Colorado is from a horizon approximately equiv¬ 
alent. I have elsewhere shown the relationship of Phlaocyon to the modem 
Procyon, to which it appears to be approximately although not exactly 
ancestral, and it will appear in the course of the following descriptions that 
the nearest comj)arisons among modem Canida? with those of the Oligocene 
and Miocene of this country, are to be found among the Neotropical and 
Oriental species. It is not clear whether this is the case among the Mus- 
tclidje — the new genus Megaliciis, described below, and probably also 
JElurovyon Peterson, compare best with the Oriental and African genus 
MeUivora; but for the most part the modern Mustelidte are a Holarctic 
group with few southern representatives and those closely allied to the 
typical fonns, while the Oligocene and Miocene representatives of the 
family in America art' mostly imperfectly known, primitive in dentition. 
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and their exact relationship to any surviving ty^xis has not been determined. 
The relationship to modern Neotropical and Oriental faunte is equally 
apparent in other groups of the Middle Tertiary fauna* of the Western 
States, as the Tapirs, Peccaries, and Camels, and perhaps among the Deer. 
It is not true of the Rodentia, which seem to have either adapted themselves 
to changing environment without migration, or to liave become extinct. 

CANIDiE. 

The resemblance of the various species of upper Oligocene and Ix)wer 
Miocene Canida*. to one or another of the sjiecies now inhabiting South 
America is a very significant fact. The nearest c*omparisons among modem 
dogs in details of structure of the teeth, as well as in pro}>ortions and struc¬ 
ture of the skull are always to he found in South American or Oriental 
species rather than among the wolves, jackals, and true foxes which con¬ 
stitute the typical group of Canida*. None of the John Day or Rosebud 
species are quite typical in dentition — all are more or less aberrant, and 
their peculiarities are paralleknl by one or another of the various aberrant 
Canidse of the Neotropical and Oriental regions. The dentition of Xotho- 
cyan lemur and lafidens can best be compared with that of Canis parvidemr 
or urostictus, of N. gregoriiy gemnarianus and tmlpluiis with C. azaroo, 
magellanicm, etc., of Cynodesmus ihomsoni and minor with C. cancrivoruSy 
etc., of the Enhydrocyon-Temnocyon group with Icticyon and Cyan. There 
are several aberrant types of modern Canida* in the African continent (O/o- 
cyon, LycaoUf Canis zerda) but there is no suggestion among our Tertiary 
Canidee of any especial relationship to these. 

All the modern Canidaj are separated from the Middle 'J\u*tiary genera 
by the much larger brain and more specialized f(*(‘t, and these features are 
about equally developed in the typical and alxTrant grou})s. The amount 
of difference in these respects between the Oligocene or I^ower Miocene 
genera and any recent dogs much exceeds the differences infer sc among 
the two groups. But they are obviously characters of specialization and 
may be supposed to have proceeded at an equivalent rate in races already 
distinct in the Middle Tertiary. The Upper Miocene and Pliocene Canid*e 
which should exliibit intermediate stages, arc very imperfectly known,^ 
and it seems j>remature to attem])t any detailed phyletic connections, except 
in the very aberrant genera. Cyan and probably Icticyon are pretty clearly 
derivable from the John Day Temnocyon, the characters of skull and skele¬ 
ton confirming those of the teeth. The more typi(*al South American 
Canidse cannot so safely be connected in detail, but in general may be said 
to be the nearest living representatives of the Middle Tertiary Nothocyon 
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and Cynodesmus, Meaocyon is slightly off the line in the direction of Temr- 
nocyon although much nearer to the typical group. 

The accepted classification of the extinct Canidse divides them into 
three subfamilies, Caninse, Simocyoninse, and Amphicyoninae. The genera 
grouped under Simocyoninae by von Zittel in his classic textbook do not, 
however, form a natural group. As Dr. J. C. Merriam has recently observed 
in his very discriminating and suggestive remarks upon the carnivora of 
the John Day “The continuance of their definite arrangement in one sub¬ 
family will serve only to cover up certain weak places in our phylogenies 
and ultimately to impede the progress of knowledge.’’ In this opinion I 
entirely agree, and believe that the genera Cephalogale, Simocyony Oligo- 
buniSy Enhydrocyon, and Hyamocyon are in no respect a natural group. 
Oligotjunisy as is shown later in this paper, is probably a Musteline, and 
has no resemblance in either form or ]>roportions of the teeth to the remain¬ 
ing genera. Enhydrocyon and Ilywnocyon are closely related, probably 
not separable generically, and with Merriam’s new genus Philotrox appear 
to be more nearly allied to Temnon/on and through this genus to Cyan, than 
to the typical Canid«p. Cephalogale appears to belong rather to the typical 
Canidfe, with basin talonids, well developed mctaconids, coniiles present on 
tlie upper molars, etc. The only atypical characters, judging from Filhol’s 
figures, apj)ear to be the short robust skull, large subquadrate molars and 
crowded and slightly reduced premolars, characters seen in a less degree 
in Cynodemnus, especially C, thom^oni (infra). Dr, Schlosser regards the 
genus as ancestral to the Ursidse, but even if this view were accepted, the 
genus is so close to the typical Oligocene Canidie that it should be associated 
with them.^ 

The character of the molar heels appears to be a very constant feature 
among the Canidre, and may be of prime value in the arrangement of the 
fossil genera if it proves to accord with the more important but less generally 
available characters of the basicranial region and of the feet. In nearly all 
the modern Canidee the heel of the camassial is composed of two equal 
cusps (hypoconid and entoconid) with a more or less clearly defined basin 
between. The trigonid of the second molar is also bicuspid and the heel 
basin-shaped. These featurtis are shown in Cynodesmm, Nothocyon, 
Mlvrodony CynodoUy Cynodiciis, Cephalogale^ and various other extinct 
genera. In Cyan and Icticyony Lycaon, Temnocyon, Ischyrocyorty Enhy^ 
drocyoHy SimocyoHy and less completely in Daphomus, Amphicyon, Dino- 


1 It appears to the writer to be obviously improper to separate two dosely allied genera or 
species because they are destined to give rise in the future to two distinct families, in the opinion 
of the Investigator. So far as nomenclature and classification are based upon , the facts of 
structural resemblance or difference, they are permanent, but the attempt to make families, 
genera, or species correspond with hypothetical phyla is not simply misleading but destructive 
of any approach to uniformity or permanency of arrangement. 
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cyon, and Mesocyon, the camassial heel and the trigonid and heel of m 2 are 
each composed of a single trenchant ridge, the hypoconids being crested 
and submedian, the entoconids vestigial or absent, and the metaconid 
reduced or absent upon m,, and upon inj as well in the first five genera* 
The upper molars show corresponding differences. In the first group 
the conules and inner shelf arc well developed giving a comparatively flat 
tuberculate crushing surface. In the second group the conules and inner 
shelf are mostly reduced or absent, giving a deeply concave crushing sur¬ 
face corresponding to the convexity in the lower molars. 

Whatever the value of these characters of the molars may prove to be 
they do not give an adequate ba.sis for subfamily division of the Canida^ nor 
does it appear to the writer that there are any such well marked distinctions 
among them at any epoch of their evolution as to warrant subfamily divi¬ 
sion. On the contrary they appear to be a rather homogeneous group, 
and the diversity among them is by no means ('omparable to that which 
exists among the Mustelida?. It is possible to disentangle and trace out 
several different phyla more or less accurately, but to give these phyla a 
subfamily di.stinction would be misleading. 

Nothocyon Mail hew. 

The more typical ('anidte of the John Day fall into two closely allied 
genera, Mesocijon (=llypotnnnodon, or Tevinoeifon^* coryphcpus and 
Joseph i) and Nothocyon (talecynvs'^ yeismarianus, lemur and latidcns). 
The former genus includes larger forms with tlie sectorial dentition better 
developed and tubercular dentition smaller; the latter, smaller species 
with reduced sectorial and larger tubercular dentition, large eyes and large 
bulla*. In both genera the shear of the darnassials is largely transverse, 
although somewhat less so than in the White Kiver ("anida^. 

The next stage in the evolution of typical (^anida* is shown in Cynodes- 
m.u8 of the Fort Logan beds of Montana, in which the dentition approxi¬ 
mates that of the microdont forms of modern Canid^e, while the brain 
and, as we are now able to add, the fc^et, retain more nearly the primitive 
structure of th(^ Oligoceiie dogs. The camassial shear has become nearly 
anteroposterior and the subordinate transverse shear has disappeared. 

I he typical Caniche of the llosebud beds are intermediate between the 
John Day genera and Cynodesmus, but those of the Lower Rosebud are 
nearer to Nothocyon and Mesocyon, and those of the upper beds to Cynodes- 
mus, and are rtderred a(*cordingly. 
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Kothocyon gregorii sp. nov. 

The type (No. 12879) is a skull with parts of the jaws and fragments of 
limb bones from the lower beds, found by Mr. W. K. Gregory of the 
Museum Expedition of 1906. It is a little smaller than the skull figured by 
Cope (Tert. Vert., pi. LXX, fig, 2) as Galecynua geismarianus; the orbits 
are proportionately larger and closer together, the postorbital processes 
stronger, there is hardly any sagittal crest, the postorbital constriction is. 



narrower, the bullte are larger and closer together, the paroccipital ’process 
more closely united with them and its tip directed downward instead of 
y)artly backward as in the Jolin Day species. The prc^molars are smaller, 
the upper carnassial has a more longitudinal shear and its antero-external 
angle is less rounded. The lower teeth show corresponding differences so 
far as they are preserved, 

Nothocyon vuipinus sp. nov. 

Type, a lower jaw with parts of upper jaw, fore and hind limb bones and 
other fragments, No. 12883, from the I.»ower Rosebud beds. The species^ 
is a little larger than N. gregorii, the jaw longer and more slender, pre¬ 
molars larger, considerably spaced. The dental fonnula is 1*3, Cj. Pl» 
Mj{. Third lower molar two-rooted. The carnassial is larger and more elon¬ 
gate than in N. gewTnarianua, the premolars spaced, the molars more com¬ 
pressed. The limb bones compare closely in size and proportions with N. 
geismarianm but show a somewhat greater degree of modernization through¬ 
out. The humerus is long and slender, supinator and deltoid ridges low, 
entepicondylar foramen present. The ulna, including the olecranon, is as 
long as the humerus. The radial shaft is stouter than the ulnar shaft 
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towards the distal end, but they have about the same stoutness in the proxi¬ 
mal half. The head of the radius is round-oval, and its distal end has lost 



Fig, 2. Nothoryon vvljnnu.^, lower jaw, external and superior views, natural size. Type 
specimen, 

the triangular outline characteristic of early carnivora. The fibular shaft is 
still moderately strong. The astragalus has a rather deep, narrow trochlea 
and nojastragalar foramen. 


Measurements, nini. 

Length of lower dentition 60. 

preinolar .... . . . 27.5 

“ true molars ... . 22.4 

Diameters of m^ anteroposterior. .11.8 

“ transverse . . . 4.8 

Diameter of mj, anteroposterior 6.9; transverse . .... 4. 

Humerus, length . ... 98.3 

diameter of head. 22.8 

“ distal end. 21.7 

Ulna, length. 100 . 

diameter of olecranon . . 12.5 

Radius, length.82. 

diameter of head ... 9.3 

diameter of distal end (transverse) . .. 15 . 

Fibula, diameter of shaft. .... 8 

Tibia “ “ “. .is. 

Astragalus, length.I 8.2 

width of trochlea ... ..... 6.8 

Calcaneum, length.28.6 


Nothocyon, sp. div. innom. 

A lower jaw, and parts of the upper and lower jaws of a second individ¬ 
ual and probably other fragmentary specimens indicate a third species 
about as large as N. gregorii but with longer jaw, larger sectorials and 
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smaller tubercular teeth. A fourth species, approaching N. latidens in size 
and characters, is indicated by part of a lower jaw with the carnassial 
preserved. It seems undesirable to name these species until more complete 
specimens are obtained. 

Mesocyon robustus sp. nov. 

Type No. 12884, lower jaws with complete dentition, from the Ix)wer 
Rosebud. A less complete jaw is referred to the species. 

The species is about the size of M. josephi Cope from the John Day, 
smaller than M, coryphceus. The prcmolar region is robust and deep. 



Fig. 3. Mesocyon robustus, lovver juw, external and superior views, natural size. Type 
specimen. 


the premolars of moderate size and spaced. The heel of the sectorial 
tooth is trenchant with slight entoconid ridge; the tubercular teeth are 
also partly trenchant instead of fully tubercular as in M. coryphaus. The 
third molar is present on one side of the jaw, but absent on the other, indi¬ 
cating that this tooth is variable. The canines are much more robust 
than in Nothocyon, 


Meamrenients, 

Length of lower dentition .... 

“ “ preinolar “ . . . . 

'' true molars 1-3 ... . 

Diameters of m,, anteroposterior 14.9; transverse 

“ mjj * 6.2; 

Depth of jaw beneath mj . . . . 


mm. 

72.7 

33.5 

24.2 

6.2 

4.4 

6 . 
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C^odesmus Scott. 

From Prof. Scott’s figures and description, the type species of this 
genus is somewhat more modernized in dentition than the species here 
referred to it. They agree with it, however, in having the jaw somewhat 
reduced in length and the rather small premolars closely set, wliilc in iVo- 
thocyon and Mesocyon they are spaced and the jaw is slender and of less 
depth. The larger and more predaceous dogs at this stage of evolution 
are represented by the so-called hrachypus Cope of the Laramie 

Peak beds. This species is in some nvspects more primitive than Cyno- 
desmus thooides^ notably in the more transverse c*arnassial shear and back- 
wardly directed paroccipital process; but the feet are somewhat more 
modernized than in the Rosebud species referred to Scott\s genus; the 
metapodials are inort* compressed and elongate and the retractility of the 
claws has been lost. The brain-(*ase is evidently of small capacity, and 
although no trace of the structure of the brain is preserved we may infer 
from the size that it was not more advanced. 


Oynodesmus thomsoni sp. nov. 

The type is a finely preserved skull and jaws, with the fore part of the 



skeleton, from the Upi)er Rosebud beds, found by Albert Thomson of the 
Museum party of 1906. 

The species is smaller than C. thooides and of a less predaceous type, 
■with shorter muzzle, smaller sectorial and relatively larger tubercular teeth 
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The premolars and camassials are about one fourth smaller, while the 
tubercular teeth are of nearly the same size as in the type. The sagittal 
crest varies from an eighth to a quarter of an inch in height and the occipital 
crest is correspondingly developed. The bullse are of moderate size, and 
the paroccipital much closer to them than in C. thooide^, projecting down¬ 
ward at the tip. The direction of the camassial shear agrees nearly with 
the type species. 

Among modern Canid^e, Caiiis canerivorus affords the nearest compari¬ 
son with Cynodesmus thomsoni. ITie size and general proportions of the 
skull are much the same, except for the shorter and heavier muzzle, larger 
teeth and more powerful jaws of C. thomsoniy and its very much smaller 
brain-case with consequent development of sagittal and occipital crests. 
The postorbital constriction is hardly more than half as wide and the pos- 
t(;rior nares narrow and deep. The zygomata and postglenoid processes 



Fip. 5. Cynodeftmus thomsoni, crown view of upper and lower teeth, natural sire. Type 
specimen, 

arc much heavier, the pterygoids larger with hamular processes much more 
prominent, the jaw deeper with much broader comnoid processes, wider 
condyles, and masseteric fossa correspondingly wide and deep. The 
bulla* are slightly largest and the basisphenoid not so wide, but otherwise 
the basicranial bones and foramina are very like those in the modem species. 
T’ is larger, with strong lateral cusp; the canines are longer and more robust; 
the premolars somewhat larger, more robust, and close-set, the accessory 
cusps well developed; the camassials are slightly longer and much more 
robust, the shear somew^hat more transverse; the inner half of the upper 
molars and the heels of the loww molars are much broader. 

The fore foot is widely different from that of modem C'anidsp, inter¬ 
mediate between Cynxydesmus hrachypus and the Oligocene Canidee. The 
carjius has not the compact stmeture and relative height of the modern dogs, 
but in composition and proportions resembles the primitive tyj^e of Cytw- 
dietis. The metacarpals are not at all appressed and but little elongate; 
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Me. I is somewhat more rediKicd, but not more than in the modern Mustela 
pennantif much less than in Viverra, and far less than in any modern Canidee. 
The phalanges are short, as in the dogs; in most Mustelidte and Viverridse 
they are relatively long. The penultimate phalanx shows the asymmetric 
excavated upper surface of the shaft indicating that the claws were partly 
retractile, but somewhat less so than in the Oligocene dogs. The ungual 
is narrow and compressed with a slight hood at the base. In Cynodesmus 
hrachypus the retractility of the claws has been lost, and the metacarpals 
are longer and more appressed, though far less so than in Canis; the pollex 
is not knowm. 

A fragmentary skull with parts of the lower jaw (No. 12875) indicates a 
smaller variety or distinct species nearly related to C. thomsoni, and other 
fragmentary specimens are referred here provisionally. In one of them 
(No. 12870) the hind leg with part of the foot is preserved and shows a 
comparatively strong fibula, the shaft scarcely if at all reduced beyond what 
is seen in Daphmms and Cijnodkiis, llie first metatarsal indicates a com¬ 
plete digit fairly well devcloj>ed but considerably smaller than in the White 
River dogs. 

The construction and proportions of fon* and hind feet in this species 
nearly resemble those of Phlaocyon as figured by Matthew^ but the animal 
was of larger size and the limbs more elongate. 


M vasurenienis. 

Length of skull .... 

Width “ “ at zygomata 

Width of jwstorbital constriction , 

“ brain-case 

Length of upper dentition (left side) 

“ ‘‘ lower “ 

“ “ upf3er preinolars . 

upper true molars . 

“ lower preinolars . 

“ ‘‘ “ true molars . 

Diameter of p^, anteroposterior 13; transverse 
“ “ m‘ 10.5; “ 

“ “ nil “ H.5; 

“ “ 7,5; 

Length of jaw, incisors to condyles. 104.5; depth })eneath mj 
Width of proximal end of metacarpus 
Length of first metacarpal 
“ fifth 

first phalanx 
** second ‘‘ 

“ “ third 

’ Mem. Amei. Miis. Nat. Hist., Vol. I, pi. vii, j 


nun. 
. 132.7 
81. 

15.4 
46. 

68.5 
67.2 
31. 
16. 

. 26.8 

26.9 
8 . 

13.7 

6.4 
6.8 

5.5 

17.9 
24. 

17. 

. 30. 

18. 
10 . 

. 12 . 
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Oynodesmua ndnor sp. nov. 

A second smaller species from the Upper Rosebud is represented by 
the upper and lower jaws (No. 12877, type), by a separate lower jaw (No. 
12878), and other fragmentary specimens. It is about two thirds (lineal) 
as large as C. ihomsoni, and has a shorter camassial with larger internal 
cusp, relatively larger tubercular teeth, especially m^, and the lower pre¬ 
molars are longer and not so high. 


Meamrements of type, mm. 

Diameters of p^ anteroposterior 8.7; transverse.5.7 

“ m‘ 7; “ 9.2 

“ m* 5; .8. 

“ m, 9.6; “ 4.1 

“ P4 “ 7. “ .3.2 

“ “Pa 6; “ 2.6 

“ “ P2 “ 4.9; “ .... 2. 


Enhydrocyon Cope, 

The characters of this genus and of Ilywnocyon have been much con¬ 
fused by careless diagnosis and improper transference of types. The fol¬ 
lowing corrections are necessary in order to clear up the status of the two 
genera. 

1. The type of Enhydrocyon sienoceplialus^ No. 1 of Copers original 
description,‘ Am. Mus. No. 6902, consists of fragments of upper and lower 
jaws with unworn teeth, the preniolars not completely protruded. A finely 
pre.serv(‘d skull with teeth much worn and defective. No. 6901, was used 
as paratype. ''Fhe type sf)ecimen shows that there w^ere probably but 
three upper premolars, that m 2 was present, the heel of nij and trigonid of 
m 2 trenchant. The paratype has a tooth formula of P, CS M^. The 
teeth in the type appear to be considerably larger and the premolars, more 
obliquely set and crowded than in the paratype; this difference however 
may be individual or due to age. 

2. The type of Ilyoetwcyon is Enhydrocyon hasilatus Cope,* based 
upon a lower jaw, No. 6904. Cope subsequently referred to it an upper 
jaw. No. 6905, and defined the genus® on these two specimens as having a 
dentition of P^, Ml- This was corrected afterwards?^ to P3, Mi, and still 
later the upper jaw was separated as the type of Hywnocyon sectorkis,^ 

1 Bull. U. S. G. S. Terrs., Vol. V, No. 1, p. 66, Feb. 28,1879. 

* Loc. cit. p. 67. 

« Palwont. Bull., No. 31, p. 3, Dec. 24, 1879. 

* Amer. Nat.. 1881, p. 497, May 19. 

« Amer. Nat., 1882, p. 246. 
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3. By clearing away the matrix from the type of 11. sectorius it appears 
that Cope was mistaken in supposing m^ to be absent, as the alveoli of 
its roots are certainly present. It has therefore the same dental formula 
as Enhydrocyon, to which it is in all other respec ts closely allied. In the 
lower jaw, ty[>e of If. hasihtus, nij appears to be absent, at least on one 
side, but I susj>ect from the appearance of the specimen that this is a 
mere abnormality. The validity of the genus Ilywnocyon is therefore very 
questionable, as there are no material differences in the form of the teeth 
to distinguish it generically from Enhydroeyon. 

The above mentioned specimens from tlu* John Day constitute all that 
has hitherto been known of this aberrant group of Canidte. 

Enhydroeyon crassidens sp. nov. 

The type, No. 12S8b, consists of a complete skull and jaws with a con¬ 
siderable part of the skeleton, found by Mr. '^riiomson in the Lower Rose- 



Fi*f. 6. Fnhydrocjfon cras»td(‘n8. side view of skull and jawh, one half natural size. Type 
specimen, a. m , auditory meatus, la. / . lachrymal foramen; i. u infraorbital foramen; ms. 
p., mastoid process, o. c., occipital condyle; par. p., paroccipital process; sq f., postparietal 
foramen. 


bud bed. The species is somewhat larger than E. stenocephahis, the pre- 
molars simpler, the molar heel more reduced, and smaller. The skull 
is a little more robust throughout, the brain-case considerably larger. The 
second upper molar is minute on one side, absent on the other; lUj is small 
but not so much reduced as the corresponding upper tooth. The size is 
about the same as in E. (Ilyamocyon) sectorms, the m^ more reduced, p* 
with broader heel but less robust protocone, and p^ set obliquely but in the 
opposite direction from the corresponding tooth in sectorius, its anterior end 
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lying inside instead of outside the canine. The Rosebud species is smaller 
and less robust than E. {Hywmcyon) basilatus, and the anterior premolars 
are less massive. The fragmentary nature of the tyjKJS of the John Day 
species precludes any further comparison, but E. crassidens is quite clearly 
distinct from the referred skull of E. Mmocephalus and more advanced in 
several rt'spects. 

The basicranial region agrees with that of E. stenocephalus. It is of 
moderate width; the bullae are'large, longitudinally oval; the auditor}'^ 
meatus is open, without ossified tube, the septum of the bulla little devel¬ 
oped. The condylar foramen lies close behind the posterior lacerate fora¬ 
men, in front of the crest connecting the base of the paroccipital process 
with the condyle. The carotid canal is not clearly recognizable. The 



Fig. 7. Enhydrocyon crassidenti, crown views of upper ami lower teeth, natural size. Type 
si)eciinen. 

foramen lacerum medius is large, and the foramen ovale lies clase outside 
of it. The postglenoid foramen is of moderate size. The alisphenoid 
canal is moderately long. The paroccipital process is close to the bulla 
at the base, and projects beyond it backward and downward in a rather 
long trihedral spine. The mastoid processes are well defined but not very 
large, and project moderately. The parts of tHb skeleton preserved are 
the first eight vertebrie, pelvis, fore and hind limb bones, astragalus and 
calcaneum. 

The cervical vertebrae indicate a rather short neck, comparing rather, 
with Daphmnus in length than with any modern Canidae. The fore limb 
bones are as large as in D. i^etuit, but the hind limb bones are considerably 
shorter and smaller. The deltoid crest of the humerus and the lower 
extremity of the ulna are more reduced^ the head of the radius reduced on 
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the side next the ulnar facet. The shaft of the femur is straighter and 
more rounded in section; the patellar trochlea is very peculiar, short, 
rather wide and shallow, and almost distal in its position, while the condyles 
face inferiorly instead of distal-inferior. This peculiar conformation may 
be in part due to a vertical crushing of the bone, but not wholly so. It is 
paralleled to some extent in the hyaenas, also in connection with small 
hind limbs and large fore limbs, and may indicate a similar pose of the 
skeleton. The tibia is much shorter than in Daphoenus, cnemial crest 
more oblique and relatively higher. The astragalus is much more modern¬ 
ized than in DaphoBnus, the inner crest much more built out, higher and 
sharper, and there is no trace of the astragalar foramen, which is present 
although vestigial in Daphcenus. The calcanear heel is considerably re¬ 
duced in length. 

The (‘haracters of the skeleton confirm Professor Cope's view of the 
affinities of Enhydrocyon, derived from study of the teeth and skull, but 
not his suggestion of aquatic habitat. It is an aberrant type of the Can- 
id«e without marked relationship to any other family. Its nearest relative 
among the Canidte is probably Temnocyon of the John Day, which has 
also the heel of m, and trigonid and heel of m 2 trenchant instead of basin 
shaped, upper molars without intermediate cusps and deeply concave trans¬ 
versely, and relatively small miS • But in Ternnocyon the premolars are large 
and compressed, in Enhydrocyon they are small and robust and pi absent. 
The modern genera Cyan and Icticyon are probably representatives of this 
group of Canida; but derivable from Temnocyon, Enhydrocyon is an extinct 
branch. The group is connected with the typical Canidse by su('h types as 
Meaocyon, All these and perhaps also some of the so-called Amphicyons of 
this country may be derived in a general way from Daphaemis of the White 
River, more nearly than from Cynodictis. The more typical group of dogs, 
on the other hand, leading through Notfuwyon and Cynodesmv>s into the 
modern Cani.<r, Vulpes, etc., may preferably be derived from Cynodictis, 

Such derivations an^ at the best approximate, and a more extended 
knowledge of the fossil Canidee, may, and probably wdll, show the way to 
a closer approximation to the true phylogeny than can now’ be made 


Measurements of Type, 

mm. 

Length of skull, incisors to condyles. 

. 181. 

Breadth of skull across zygomatic arches .... 

. no. 

Width of postorbital constriction. 

. 28. 

Height of occiput. 

64. 

Width of palate and teeth. 

58. 

“ condyles ... .. 

. 28. 

Length of upper dentition (left side). 

. 89. 
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mm. 

Width of six incisors 

. 

. 

. 25. 

Diameters of canine, anteroposterior 13.2; 

transverse .... 

9.2’ 

“ “ p. 

9.6; 

it 

6.3 

“ “ p. 

14; 

It 

6.8 

“ “ p. 

22.2; 

it 

. 13. 

« «<< 

10.5; 

it 

17. 

“ “ m. 

3; 

n 

4.5 

Length of lower jaw, incisors to condyles 


. 139. 

“ “ dentition (left side) 



. 88. 

Diameters of canine, anteroposterior 12; 

transverse .... 

10.5 

“ “ V, 

8 ; 

it 

5.5 

“ “ p. 

10.2; 

a 

6.5 

» “ p. 

13.6; 

it 

7.8 

m, 

23; 

it 

9.5 

“ in. 

7.6; 

it 

6,3 

Depth of jaw beneath rn. 

. 


22.5 

Length of humerus 153; diam. of distal end. 

. 38.5 

“ “ radius 114; “ 

(( H 


26 

“ “ femur 143; “ “ 

a it 


. 38. 

“ tibia 139; “ “ 

it it 

• .... 

. 23. 

Length of astragalus 30.; width of trochlea 


. 13. 


Musteijd-®. 

Oligobunis Cope. 

Cope (levscribed this genus as an aberrant member of the Canidfie, an¬ 
cestral to Icticyon, and this reference has not hitherto been questioned. 
A re-examination of the type of O. cra^ssivultus leads me to believe that it is 
more nearly related to the primitive Mustelidse of the Oligocene and Mio¬ 
cene and should be transferred to that family. The type, Am. Mus. No. 
6903, consists of the lower jaws and anterior part of the skull, from the 
John Day formation, and the principal diagnostic characters are as follows: 

Dental formula, liJ, Cl, Mi- The jaws and muzzle are short and 
heavy and their general proportions rather musteloid than cynoid, the 
muzzle lacking the constriction in front of the carnassials common to most 
of the Canidee, especially the early members. The canines are short and 
stout, the premolars rather small, massive, and simple, without accessory 
cusps except on pj. The antero-internal cusp of p^ is well developed and, 
as in the later Mustelidse, but to a less degree, constricted off from the rest 
of the tooth. M^ is reduced antero-posteriorly and much extended trans¬ 
versely, the paraconc nearly median, metacone vestigial and parastyle much 
extended, protocone compressed, and, as in all primitive Mustelines, it 
lacks the broad flange characteristic of the modem Mustelidse. M^ is very 
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small, transversely oval and lies behind the inner part of ni^ [the tooth 
was covered by matrix at the time of Prof. Cope’s description and supposed 
by him to be absent.] The lower carnassial has a well developed metaconid 
and rather large heel with external crested hypoconid and broad slightly 
concave inner slope without entoconid. This form of heel is characteristic 
of most Mustelida*; Aniphicyon shows the nearest approach to it among 
the Canidae with which 1 am acquainted, but in this genus the entoconid 
is developed as a low" crest. Mj is small, oval, tubercular, with low" proto- 
conid, metaconid and hvpo(*onid of about equal height and somewhat 
marginal position. [Cope inmrrectly described this tooth as composed of 
two trenchant cusps one behind the other, as in Temnocijon]. As in other 
primitive Mustelidte the carnassial blades are s('parated by a distinct not<*h 
and the inner part of the upper tubercular lacks the broad flange found 
in all modern members of the family. The basicranial region is unknown 
but probably it would, as in Bnmehirus, Plesicfls, Amphirfis, etc., show' a 
large inflated bulla. 

Oligobunis lepidus sp. nov. 


This species is much smaller than th(‘ type, and the teeth and ]aw's 
much less massive. But the form and cusj) composition of the tc'cth, 



Fig. 8. Oligobunislcj)}duii,ex{enm\ view of up¬ 
per and lowet Jaws, natural size. Upper jaw, No, 
12866; lower jaw, No. 12867 


there is no flange on the protocone of 
The type, No. 12865, is a damaged 
jaw. A second specimen. No. 12866, 


and proportions of jaw s and muz¬ 
zle are otherwise very similar to 
the John Day sjiecies, although 
somew hat morv advanced in the 
direction of modern Mustelida'. 
The premolars are more charac¬ 
teristically musteloid, short, high, 
.simjile, and close set. The inner 
CUSJ) of f)^ is somewhat larger and 
more clearly separated from the 
rest of the tooth. IVlj is some¬ 
what smaller and of more oval 
shaj:)e, its three cusps more mar¬ 
ginal, and the vestiges of its 
jirimitive tuberculo-sectorial form 
more completely obliterated. The 
sectorial blades of the carnassial 
are sejiaratcd by a notch, and 
rn^ 

anterior part of the skull with low"er 
show"s the upper molars, w"hich are 
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not preserved on the type. This 
specimen appears to be a distinct 
variety or species, the teeth being 
more mbust throughout, the skull 
larger and wider and absent. A 
lower jaw, No. 12867, is referable to 
this more robust form, and shows cor¬ 
responding differences in the teeth, 

Pi being veiy minute. Another lower 
jaw, No. 128G8, agrt'es with the type 
€*xcept for its larger size. In the ab¬ 
sence of more material for comparison I do not think it advisable to dis¬ 
tinguish these as separate species. 

Measurements. 




12865 

TyiH* 

12866 12867 
var. rohustior 

12868 

Length of iipfHjr dentition (i^”- and m* estimated) . 
Length of upiKjr dentition exclusive of incisors 

. 36. 

37.3 



Length of upyter preinolars 


20.3 

23.3 



Transverse diameter of lateral incisor 

. 2.5 




Height of crown '' 

“ “ ... 

. 4.7 

* 



Anteroposterior diameter of canine alveolus 

. 5.4 

7.7 



(1 H ( 

p» .... 

. 4.0 

5. 



it U i 

p» .... 

. 5.0 

6.2 



it {< t 

p‘ ... 

. 9.3 

11.1 



Transverse “ ‘ 

p* .... 

. 6.8 

7.3 



Anteroposterior ‘ 

m' .... 


5.0 



Transverse “ ‘ 

m‘ . . . 


11.0 



Anteroposterior ‘ 

m* .... 


2.3 



Transverse ‘ 

m* .... 


5. 



Length of lower teeth, premolars and molars 

. 30.4 


31.4 

32. 

Length of lower premolars 


. 16.9 


17.3 

18.3 

** molars 


. 13.9 


14.9 

14.5 

Anteroposterior diameter of p, 

. 2.3 



2.3 

(t (( 

‘ p, .... 



4.9 

42 

ti it 

‘ P.1 



6.0 

5.4 

a it 

“ P4 • 

. 5.7 


6.5 

6.2 

a a 

“ nij .... 

. 8.7 


10.1 

9.9 

Transverse 

• m, .... 

. 4.6 


5.0 

5.0 

Anteroposterior “ 

' nij .... 

. 5.0 


5.2 

48 

Transverse “ 

m, ... 

3.7 


4.0 

3.7 

Depth of jaw beneath m, 

Megalictis gen. nov. 

. 10.0 


12.0 

11.0 


This name is given to a very large musteline allied to Mellivora and 
Gulo but retaining many characters of the primitive Mustelidae in greater 
or less degree. 



Fig. 9. Oligobunis lepidm, crown views 
of upper and lower teeth, natural size. Upper 
teeth. No. 12866, lower teeth, No. 12867. 
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Teeth transitional between Oligobunis and Guh or Mellivora, Molars 
if the second molar much reduced, oval and flat-topped. Antero-intemal 
cusp of p^ strong and well separated. extended transversely, the inner 
shelf moderately developed, less than in any modern Mustelidee, more than 
in any of the Oligocene genera. without metaconid. 

Skull short, wide, massive, extremely high in frontal region, zygomatic 
arch stout, sagittal and occipital crests heavy and rather high, occipital 
region low and wide, basicranial region broad, bullae small, inflated, flat¬ 



tened marginally, auditory meatus long, flattened tubular. Mastoid proc¬ 
esses stout, projecting laterally, paroccipital processes short, stout, spatulate, 
projecting backwards and partly downwards, well separated from bulla. 
Lower jaw short, deep, with wide condyles and broad coronoid process. 

Ribs long, not flattened, lumbar vertebrte relatively short and small, 
caudals indicating a long and powerful tail. Limbs short and stout, feet 
plantigrade, short and spreading, five-toed, the pollex somewhat and hallux 
considerably reduced, phalanges short, claws large, non-rctractile, little 
curved and not compressed, hooded at the base. 

The above characters indicate an animal which may best be described 
as a gigantic wolverene, equalling a jaguar or a black bear in size, but in 





1907] 


MattheWf Lower Miocene Fauna from South Dakota 


197 


proportions more like the ratel. The extremely high frontal region gives 
a peculiar aspect to the skull, suggesting Cynwlurus, The limbs and feet 
are decidedly shorter than in the wolverene, somewhat longer than in the 
ratel. The single claw-phalanx known indicates some degree of fossorial 
specialization, less than in the ratel, more than in the wolverene. The teeth 
indicate an animal fully as predaceous as the wolverene but the skeleton 
points to more fossorial habits. 


Megalictis ferox sp. nov. 



Fig. 11. Megalictis ferox, skull, inferior view, one half natural size. Type specimen. 
Aud. m., auditory meatus; c. c., carotid canal; r. /., condylar foramen; f. 1. m., foramen lacerurn 
medius; f. 1. p., foramen lacerurn posterius; /. o., foramen ovale; w. p., mastoid process; par. 
p„ paroccipital process; p. g. f., post glenoid foramen; s. f., stylomastoid foramen; iy. b., tym¬ 
panic bulla. 
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The type, No. 12880, is a fragmentaiy skull and jaw, with parts of the 
fore limb and foot bones. A second specimen, No. 12881, includes limb 
and foot bones, ribs, and vertebrae. Both are from the Upper Rosebud 
beds and agree exactly in size and in the corresponding parts of limb and 
foot bones preserved. Between the two w’c are able to obtain a fair idea 
of the principal characters of the skeleton. 

The more important features have already been given under the generic 
description. The skull has to an exaggerated de‘gret* the characteristic 
broad form, with short wide arches, short muzzle, broad basicranial region, 
seen in the large Mustelidie, and differs fi*()m the* (*oinparatively narrow 
elongate skull of Amphicjjon and the Canidft\ The lorin and position of 
the mastoid and paroccipital processes, and the arrangement of the basi¬ 
cranial foramina are also Miistelid, and the bulla shows in an incipient 

stage the flattening characteris¬ 
tic of this family. The large 
size of the animal and its com¬ 
paratively small brain capacity 
caus(» the sagittal and occipital 
crests to b(* much more dcvel- 
o|hh 1 than in modern muvstelines, 
more as in Amphieyo?!. The 
jaws and t(‘eth anterior to the 
<‘arnassials are unfortunately not 
preserved except for the ixmt of 
p*, and a part of the (*anine al» 
veolus, but the contour of the 
facial bones (mables us to restore 
the outlines with a fair degree 
of accuracy. The skull when 
found was in fragments more or 
less displaced but well pn‘serve<l and uiKTushed. The fragmemts were 
pieced together by Mr. Thomson and the writer with especial care, and 
the remarkable height of the frontal region and other peculiar characters 
cannot be ascribed to error in the preparation. 

The bulla* are intermediate between the simple inflated cynoid tyj^e of 
the Oligocene Mustelidae and the flattened form characteristic of most 
modem members of the family. They are flattened at the borders and the 
auditory meatus is long and partly flattened. Taxixlea displays a somewhat 
similar intermediate condition. The alisj)henoid canal is absent. The for¬ 
amen ovale lies close to the inner margin of the glenoid articulation. The 
carotid canal is large and situated close in front of the po.sterior lacerate 
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foramen. The condylar foramen is posterior in position, at some distance 
behind the foramen lacerum posterius. The postglenoid foramen is of 
moderate size. The primitive form and position of the paroccipital proc¬ 
esses is equally characteristic of the family to which Megalictis belongs. 
In the Canidee they become slender, directed downward and closely approx¬ 
imate to the bulla; in the Viverridse and Felidae they become thin flat 
plates enveloping the back of the bulla. The stout, widely separated, 
projecting mastoid processes are as in the larger Mustelidae, contrasting 
with their moderate development in Canidae, Viverridee or Felidae. 

The teeth retain the molar fonnula of Oligobunis, AmphicUs, etc., 
but mo have become vestigial, and the form of the carnassials and of m^ is 
partly modernized. P* conies nearest to Mellivora in form; m^ is most 
like that of Gulo; the longitudinal shear of m^ and absence of metaconid 
is seen in both genera and distinguishes Megalictis from Oligohunis in 
which the shear is more oblique and metaconid well developed. 



Fi|f. 13. Megalictis ferox, bu<k \iew of skull, one half natural size. Type specimen. 


With the fragmentary skull and jaws of the type specimen were found 
the greater part of the scapula, ulna, radius, and metacarpals I, II, and III 
complete but the characters of the skeleton are principally derived from 
the second specimen, No. 12881. This individual includes the humerus, 
tibia, and parts of other limb bones, all the metapodials except the pollex, 
a few carpals and phalanges, thirtt^n vertebrae, various ribs more or less 
complete, two sternal segments, and an os penis. 

The humerus, radius and ulna are of about the same size as in Amphi- 
cyon kmaneme but more robust; they arc not so short as in Mellivora. The 
femur has a broad flat trochlea and the small patella is nearly as wide as it 
is long. The tibia and fibula are hardly more than half the size of those 
attributed to A. lemanense by Filhol, and are much like those of Mellivora 
but longer in proportion. The proportions of the metapodials are much 
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as in]^the ratel; they agree in size and robustness with A. lemanense as 
figured by Schlosser, but the hallux is much more reduced, and mt II of 
larger size, paired with mt V. The phalanges of the first row are more 
slender than in A. lemanense or in Mellivora. In Guh the feet are much 



Fig. 14. MegulU'tiH ferox. Astragalus, proximal and lingual phalanx, natural size. No. 
12881. 


more elongate, especially the phalanges, their proportions being much as 
in the smaller Mustelines. The single ungual phalanx preserved is quite 



unlike the compressed form seen in the 
bears, and intermediate in character be¬ 
tween the unguals of the nianus and of the 
pes in MeUivorn. The astragalus is wider 
than in Amphicyon, the trochlea shallow, 
and limited in its backward extension, the 
astragalar foramen distinct, the neck of mod¬ 
erate length and the head somewhat flat¬ 
tened. It differs from DapJurnus in the 
more vertical position of the fibular facet, 
the trochlear crests parallel instead of di¬ 
vergent anteriorly, reduction of the postero- 
inferior process behind the trochlea, and 
other characters of modernization. The 
proportions and character of the inetapo- 
dials are not unlike those of Daphomus but 
also more modernized; the unguals differ 


The atlas vertebra, an anterior dorsal and parts of two others, two 
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posterior dorsals, four lumbars and three caudals are preserved in the 
second specimen, besides about a dozen ribs more or less complete. The 
relatively short, weak lumbars and long ribs in¬ 
dicate a short thick barrel as in Mellivora, in¬ 
stead of the long sinuous body of the weasels 
generally. Oulo is intermediate in this respect 
but more like the typical weasels. The anterior 
dorsal spines are rather short, expanded at the 
tip. The posterior dorsal and anterior lumbar 
zygapophyses are strongly convex and concave, 
but in the posterior lumbars they are flattened 
out assuming the form of cervical zygapophyses, 
and giving an unusual flexibility to the posterior 
lumbar region. The anterior caudal indicates 
a tail moderately large at the root, but the great 
length of the posterior caudals preserved shows 
that the distal portion was elongate and stout. 

The ribs are all of round-oval section in the 
shaft, with none of the flattening observed in 
modern Canidaft and many other carnivora. 

They are relatively long, and moderately stout. 

The segments of the sternum resemble those of 
Mellivora in form. The os penis is large, the 
shaft of subquadrate section enlarged at the 

butt, considerably curved upwards, reduced in diameter and channelled 
above toward the distal end. The tip is incomplete but apparently was 
recurved downward. 



Fig. 16. Megalictis ferox. 
hind foot, one-half natural size. 
No. 12881. 


Measurements 

Type Specimen, No. 12880. 

Length of skull, estimated. 

Width at arches. 

“ “ mastoid processes. 

across bull®. 

Distance from m^ to glenoid fossa .... 
Transverse diameter of bulla inflated portion 
Diameters of p*, anteroposterior 24.3; transverse . 

'' m' 8.1; “ 

m* '' 5.5; 

“ m, “ 23; 

“ “ nia 7.3; 

Transverse length of condyle of lower jaw . 

Width of coronoid process at base .... 


mm. 

210 . 

164. 

140. 

83. 

56. 

20 . 

18.7 

19.5 

5.5 

11 . 

6.2 

49 

42. 
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Metacarpal I, length 36.7, diameter of shaft 

II 51.8 « . . . 

III 57.6 « . . . 

Paratype, No. 12881. 

Humerus, length 189; diameter of proximal end . 

“ diameter of distal end . 

Tibia, length, 172; diameter of proximal end 

diameter of distal end. 

Patella, length 28.5; breadth. 

Astragalus, length 36; width of trochlea .... 
Metacarpal III length 55.3; diameter of shaft 

IV “ 53.6 “ . . . 

ti Y 2 <« « « 

Length of a proximal phalanx 31.; diameter of shaft . 
Length of an ungual phalanx 28.; width of proximal end 
Transverse diameter of distal end of radius 
Metatarsal .1 length 38.5; diameter of shaft 

“ II “ 56; a . . . 

‘‘ III 03; “ “ “ 

IV “ 64(ost.);‘‘ “ . . . 

Atlas, length, 44.3; breadth. 

Anterior dorsal, length of centrum 24; height to top of spine 
Posterior dorsal length of centrum 28; width of centrum . 

Anterior lumbar “ ‘‘ 28.5; “ “ “ 

Posterior '' “ ‘‘ 35; “ “ ‘‘ 

Anterior caudal 20.5; “ 

Posterior caudal “ “ “ 39; 

Posterior caudal “ “ 39; “ “ ** 

Ijength of the longest rib preser\'ed complete * . . . 

Diameter of shaft of above rib ...... 

Length of portion of os penis preserved .... 


mm. 

6.5 

9.1 

9.2 


53. 

59.5 
49. 
33. 
24.1 
16. 
10 . 

10.5 

9.5 

8.5 

10.5 
36. 

5.5 
8.8 
9.8 
9.7 
9. 

89. 

75. 

28. 

30. 

30 

18.5 

11.6 
11.6 

181 

9. 

154. 


Restoration of the skull ,— The accompanying outline restorations of 
tlie skull (Figs. 10, 11, 13) of Megahrtis feror call for some explanation in 
regard to the restored parts. The extreme height of the forehead is not 
due to crushing nor to any error in restoration, the frontal bones and right 
maxilla being fairly complete and uncrushed. The maxilla is complete to 
the premaxillary suture as far down as the upper part of the canine alveo¬ 
lus, which appears on tlie inside of the bone. It is thus possible to deteiv 
mine the approximate position of the canine and the space behind it for the 
premolars without much margin of error. From tlie extremely short space 
between the roots of p® and the supposed position of the canine, it appeared 


Chord measurement. 
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probable that p' was absent and p* small and crowded. The size of the 
<;anine and incisors is conjectural, but the outlines of the front of the skull 
-continued forward from the parts preserved, cannot be very far from cor¬ 
rect, although the front teeth may have been more robust and more crowded 
than they are represented. The outlines of the anterior part of the lower 
jaw were drawn to correspond with the muzzle outlines, and the depth and 
robustness will be correspondingly greater if the front teeth are more robust. 
The back of the skull is sufficiently complete on one side or the other to 
render the outlines certain except in the parietal region. The basicranial 
region is not conjectural except a part of the border of the foramen magnum; 
elsewhere the base of the skull is perfectly preserved upon one side or the 
other as far forward as the carnassial. As the skull is completely uncrushed 
1 do not think there is any possibility of considerable error except in the 
front teeth and the anterior part of the lower jaw. 

Comparison with Mlurocyon Peterson, — After the description and figures 
of Megalictis were completed I was led to suspect that it might be iden¬ 
tical with a large fossil musteline described by Mr. Peterson in a memoir 
of the Carnegie Museum now in press. Through the courtesy of Mr. 
Peterson I have been enabled to make comparison between the type of 
this genus and the type of Megalictis. The two are undoubtedly nearly 
allied, but there are several distinctions which I regard as of generic impor¬ 
tance. The tubercular teeth are almost identical in the two; the upper 
carnassial in Mlurocijon is more elongate and has an antcro-externaT basal 
cusp not present in Megalictis. The third upper premolar is evidently of 
quite different proportions so far as can be judged from the roots of that 
tooth preserved in Megalictis. The distance from the orbit to the pre¬ 
maxillary border is twice as great in JElurocyon, allowing a much wider 
space for the premolars, which are three in number, while in Megalictis 
the space behind the canine (as judged from the course of the premaxillary 
border of the maxilla and from the part of the canine alveolus w’hich is 
preserved) is so small that there can hardly have been more than two pre- 
molars between C' and p^, and these smaller and more crowded than in 
Mlurocyon. 

The outline of the skull is very different in the two genera. In Mluro^ 
cyon the muzzle is of moderate length and the froiitals not nearly so high 
as in Megalictis, in which the muzzle is extremely short. The peculiar 
abrupt forehead of our genus is not due to crushing, and although the 
Mlurocyon skull is considerably crushed, it is quite clear that it lacked this 
peculiar feature and was much more elongate. The arch in Megalictis 
is much broader and heavier, the glenoid articulation and condyle nearly 
twice as wide. The length of the two skulls appears to have been about 
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the same. The basicranial region in Mhirocyon is not well enough pre¬ 
served to make any exact comparison but does not appear to have been by 
any means so wide as in Megalictis. 

I believe there can be no question of the generic distinctness of the two^ 
nor that both belong to a group of Mustelines of which Mellivora and Gnio 
are the nearest living allies. Mellivorodon from the Siwalik beds also 
belongs to this group. 

FEUDM, 

Nimravus sectator sp. nov. 



Fig. 17. Nimravus sectator. Outside view of ts^pe lower jaw, one half natural size 


The only felid specimen in the collection is a lower jaw clearly referable 
to the Dinictis group of sabre-tooth cats {Dinwtbf, Nimravus, Ailurictis) 



and provisionally referred to Nimravus. 
The species is larger and more robust 
than any of those from the John Day, 
and the flange of the jaw is reduced to 
a mere angulation, as in Ailurictis; there 
arc two premolars of subequal size; the 
carnassial has the distinct heel and deep 
notch between paraconid and proto- 



Fig. 18. Nimravus sectator. Outside 
and crown views of lower teeth, natural 
size. Type specimen. 


conid opening into a horizontal valley,, 
and there is no trace left of the second 
molar. The post-canine diastema is- 
unusually short. 

I'his species may on better know¬ 
ledge prove gencrically distinct from 


Nimravus and more or less directly 
ancestral to ^^Machcerodus'' caiocopis of the Upper Miocene, which species 
I judge belongs to the Dinictis group and not to the true Machoerodi. 
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Measurements of Type} mm. 

Length of dentition, canine to 93.3 

Length of post-canine diastema.16. 

Diameters of alveolus of p* anteropost, 17; transv.7. 

Diameters of p^, anteroposterior, 20.2; transverse.9.6 

“ m' 28.5; .11.6 

Depth of jaw in front of p^ .29. 

“ behind m^. 4.3 


RODENTU. 

CASTORIDiE. 

Steneofiber E, Geoffroy. 

This genus is abundant in the Lower Rosebud but has not been found 
in the upper beds. The species referred to it include a wide range of 
variation and should probably be divided into several distinct genera or 
subgenera. This, however, is best reserved until a larger series of skulls 
is accessible. The species from tliis formation, as well as those from the 
Harrison beds to the southwest, described by Peterson, appear to be more 
advanced and specialized than those of the John Day, which again show 
a distinct advance on the White River species. The I^wer Miocene 
species are more numerous and include a wider range of divergence in size 
and proportions, and their teeth have longer crowms and in general a ten¬ 
dency to reduce the inflections to one principal external and one internal 
in the upper molars, one principal internal and one external in the lower; 
also to reduce the last molar. This appears to be an approximation to 
the Dipoules (Eucastor) pattern, in which the minor inflections have dis¬ 
appeared, the teeth are very hypsodont (? rootless) and the last molar 
reduced (said to l:)e absent in Sigmogomphius). It is not unlikely that 
Dipoides (Upper Miocene) is descended from one of the I.«ower Miocene 
species of Steneofiber, among which S. simplicidens (infra) most nearly 
fulfills the required conditions. The skull of Dipoides has not yet been 
found unless Sigmogomphius Merriam be referable to this genus. 

I have not been able to positively identify S. barbouri or S. jossor Peter¬ 
son among our specimens, but some of the incomplete skulls and jaws 
may be referable to these species. The following appear to be clearly 
distinct: 

Steneofiber simpMcidens sp. nov. 

Type, a skull. No. 12900, from the Lower Rosebud, found by W. D. 
Matthew. 
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Size intermediate between S, barbouri and 8. fossor. Skull ^compara¬ 
tively long and narrow, muzzle longhand heavy. Sagittal crest^moderate* 



Fig. 19. Sicneofiher simplicidemt. Skull, top view, natural Fize. Type specimen .4, 
w., auditory meatus, Jr., frontal bone; ms., mastoid; wx., maxillari/] an.,'nasal; pmx., pie- 
maxillary bone. 


Braincase and occiput not so wide as in the other species,"^except S. nebras- 
censis; bullae rather small, intennediate between nebrascensis^ and the 



later forms. Incisors broad, diastema long, molars with long crowns, of 
rounded outline and simple pattern, the accessory external inflections 
having disappeared in the moderately worn tooth. Third molar much 
reduced. 
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Measurements. 

mm. 

Length of skull (incisors to condyles) .... 

61. 

Width of muzzle. 

. 13. 

** postorbital constriction. 

9. 

occiput. 

. 34.5 

Transverse diameter of bulla (excluding meatus) . 

7. 

“ ** “ incisor .... 

4. 

Length of diastema. 

. 20.5 

Anteroposterior length of grinding teeth 

. 12.6 

Diameters of p^, anteroposterior 3.7; transverse . 

4.1 

“ m‘ 3.4; 

4.2 

“ “ m* 3.2; 

4.1 

“ m» 2.3; 

2.8 


Measureinetits taken at grinding surface. 


Steneofiber sduroides sp. nov. 

Type, a skull, No. 12901, from the Lower Rosebud beds, found by 
W. D. Matthew. The species is about the size of S, barhouri, with shorter 
and wider skull, well rounded cranium without traces of postorbital or 
sagittal crests, and apparently a very low occipital crest. The nasals, 
occipital and basicranial bones are missing, so that complete comparisons 
cannot be made. The postorbital constriction is wider than in S. bar- 
hmri, the tooth rows less divergent posteriorly, the posterior nares open 
further forward, the jugal is deeper and the zygomatic process of the max¬ 
illa is nearly vertical, while in the other Steneofibers it slopes strongly 
forward superiorly. The full, capacious cranium, short, sharply defined 
muzzle, and very wide arches give this species a peculiar aspect. The 
teeth are much like those of S. barbourL 


Measurements, 


mm. 


Approximate length of skull, incisor to interparietal 
Width of skull across arches .... 

Width of muzzle. 

postorbital constriction .... 

Depth of zygoma. 

Width of palate at p^. 

m*. 

Length of diastema. 

Anteroposterior length of p^-m* .... 

Diameters of p^, anteroposterior 3.6; transverse . 

« u 2.9; “ 

« I. jjj* 2.9; 

** m» '' 2.8; 

Diameters taken at grinding surface. 


51 

46. 

12.3 

12 . 

10.6 

5. 

5.9 

15. 


3.3 

3.4 
3.4 


3 . 
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Steneofiber brachyceps sp. nov. 

Type, a skull and jaws and fore limb bones, No. 12902, from the Lower 
Rosebud beds, found by Albert Thomson. The skull is as wide as that 
of jS. jossor, but considerably shorter, with shorter muzzle, deeper jugal, 
well marked postorbital process on frontal as well as on jugal, shorter 
and deeper jaw, fore limb bones proportionately larger and more robust, 
The under side of the skull is not seen in its present state of preparation, 
nor the upper side of the jaws; the upper teeth appear to be unusually 
wide, but this may be due to wear. 


Measurements. 

mm. 

Length of skull (approximate) .... 

. 58. 

Width at arches. 

. 49. 

Width of muzzle. 

. 14. 

“ “ postorbital constriction .... 

9.6 

occiput. 

43. 

Depth of arch . ... 

.16. 

Length of lower jaw^. 

.46. 

Depth beneath first molar ... 

.12.5 

Extreme depth at coronoid process 

33.4 

Length of humerus . .... 

.42 

Transverse diameter at distal end 

.16.2 

Anteroposterior diameter at head 

8.7 

Length of radius approximate .... 

. 31. 


Steneofiber ?pansus Cope, 

Several skulls, parts of skulls, and lower jaws agree with the skull 
referred by Matthew and (Ridley to this species. This skull, No. 10818, 
was found in a more easterly exposure of the Rosebud beds. The species 
appears to be common in the lower Rosebud. It is of the size of S. bar- 
bouri but is distinguished by its greater width, shorter muzzle and deeper 
zygomata. It was figured and described by Matthew and Gidley in Bull. 
Amer. Mus. Nat. Hist., 1904, pp. 257-200. 

Euhapsis gaulodon sp. nov. 

Type, a skull and lower jaws. No. 12897, from the Lower Rosebud 
beds, found by W. D. Matthew. 

The species is distinguished from E, platyceps Peterson by its consider¬ 
ably greater length of skull. The arches are badly preserved, but do not 
appear to have be(*n so wide or massive as in the type; the occiput has 
about the same width but considerably greater length, the muzzle is longer, 
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the sagittal crest widens a little in advance of the occiput into a broad raised 
area reaching forward to the postorbital constriction. The forward slope 



Fig. 21. Euhapftis gavXodon. Skull, side view, natural size. Type specimen. A. m., 
auditory meatus; t. o. f., infraorbital foramen; ms., mastoid exposure; a. c., occipital condyle; 
par. p., paroccipltal process; ty., tympanic bulla. 


of the occiput is conspicuous, as in the type. The teeth are all present and 
their general appearance confirms Peterson’s suggestion of the Mylagaulid 



Fig. 22. Euhapsis gaulodon. Skull, top view, natural size. Type specimen, A. m., audi* 
tory meatus; ms., mastoid exposure; nue., maxilla; na., nasal; par. p., paroccipltal process; 
pmx., prcmaxilia; sq., squamosal bone. 


affinities of this rodent. The relationship to Steneofiber is equally clear, 
the pattern being almost identical. It may be approximately although 

u 
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not exactly ancestral to Mylagaulus, but a considerable change in the tooth 
proportions and pattern would be necessary to convert it into that genus. 



Fig. 23. Euhapsis gaulodon, Sktill, base view, natural size. Type spoennen. .4. w. 
auditory meatus; c./, condylar foramen, /. L j), foramen Jacerum poste rnis; i. incisive- 
foramen; m«., mastoid exposure; par. p., paroccipital process, i?/., tympanic bulla. 


Measurements. 


mm. 


Length of skull, incisors to condyles ... 

“ ** nasals to occiput. 

Width of muzzle. 

‘‘ ** postorbital constriction. 

“ occiput including mastoids. 

Slant height of occiput including condyles .... 
Length of bulla (between stylomastoid and med. lac. foramina) 
Width “ ‘‘ ( “ postglenoid and carotid “ ) 

Length of upper dentition p'*-m'*.. 

Diameters of p^, anteroposterior ,3.8; transverse . 

“ “ m^ “ 3; '^ . . . 

Width of incisor. 

Length of diastema between i and p^ . . . 

Vertical height of occiput including tympanic bulhe 


68 . 

56 .^ 

13.7 

11 . 

40. 

25 .;^ 

15, 

12 . 

13.7 

5.3 

3.5 

4.1 

23. 

25. 
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GEOMYIDiE. 

Kntoptychus Cope* 

This genus has hitherto been known only from the John Day formation. 
It is rather common in the Rosebud beds, two well marked species being 
easily recognizable among our specimens. In both of these the skull is 
proportionately shorter than in any of the John Day species, mth wider 
muzzle and greater development of the mastoid swelling. These, with 
various minor differences, while not of generic importance, are perhaps 
significant as indicating a trend of development somewhat in the direction 
of the modern Heteromya^ although at the same time these species come 
nearer to Thomomys than do the types of the genus. The molars are 
rooted, and by definition these s{>ecies should be referred to Pleurolwiut, 
if the latter be regarded as a valid genus. But the distinction between the 
two genera is more nominal than real. 

Entoptychus and Pkurolicus were referred by Prof. Cope to the Geo- 
myidje (Saccomyidee), in which family the Heteromyidse were then included. 
Entoptychus was described as with rootless teeth, Pkurolicus being dis¬ 
tinguished by the rooted teeth. Cope called attention to their relationships 
to Ileteromys on the one hand, to Thomomys and Geomys on the other. 
Scott, in describing the Uinta genus Protopfyehus regarded it as ancestral 
to the Dipodidie and Entoptychus and Pleurolicus as ancc.stral to the. Geo- 
myidfic. He emphasized the close relationship of Geomyidee, Heteromyidse 
and Dipodidse, and concluded that the small development of the mastoid 
in some of the modern forms is due to degradation. Palmer in his Cata¬ 
logue of the Genera of Rodents regards Entoptychus and Pkurolicus as 
Heteroinyidap, the former with doubt. 

Entoptychus and Pkurolious appear to be much nearer to the Geo- 
myidse, especially to Thomomys^ than to any of the Heteromyidee. The 
heavy, solid skull, with prolonged postorbital constriction, broad, long 
cylindrical muzzle, nasals not projecting beyond incisors, tubular meatus, 
moderately developed squamosal, wide incisors, long-crowned molars, and 
numerous minor features, ally them with the pocket gophers and separate 
them widely from the pocket-mice, even from Heteromys, which is the 
nearest of the modem Heteromyidee. Unfortunately we know nothing 
of the skeleton of Entoptychus^ and until the genus is proved to be fossorial 
or otherwise, we cannot be certain of its exact relationship to the modern 
genera of Geomyidae, But on present evidence it should certainly be placed 
in this family. The ancestral types of the Heteromyidee will perhaps be 
found in the imperfectly known Oligocene genera AdjUaumo (Gymmpty- 
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chits) f and Heliscomys, and in still more fragmentary remains from the 
Miocene provisionally referred to Heteromys. The relationships of all 
these are conjectural until more complete specimens are found. It is prob¬ 
able that the common ancestry of Gcomyidee, Heteromyidse, and Dipo- 
didae will be found in the group of Middle Eocene (Bridger) genera de¬ 
scribed from fragmentary material by Marsh and I>eidy under the names 
of SduravuSy My sops ^ Taxymys, Tilkmys, and Colonomys. The American 
Museum collections of 1903-1906 contain a fine series of specimens, includ¬ 
ing skulls and skeletons, of small rodents belonging to this group, and the 
preliminary studies now being made of them by Dr. F. B. I.*oomis will no 
doubt throw much light upon the origin of this group of the Rodentia. 

Entoptychus fonnosus sp. nov. 

Size equalling that of the smaller species of the John Day foniiation, 
but with broader muzzle, mastoid swelling larger, and numerous minor 
differences. Skull of moderate proportions, about as in Thomomys, but 



with smaller brain-case, narrower and somewhat longer postorbital con¬ 
striction, arches less expanded anteriorly, postorbital, sagittal and occipital 
crests better develoi)ed. Bulhe somewhat smaller than in Thomo 7 nys, 
more like those of Heteromys. Mastoid swelling more than in Thomom.ys, 
less than in Heteromys. Nasals not prolonged forward as in Hetemmyidse, 
like those of Geomyidaj but reaching further backward. Postorbital con¬ 
striction long and narrow, postorbital ridges prominent, uniting at a short 
distance behind the constriction into a low sagittal crest and separating 
again before reaching the occiput so as to enclose with the occipital crest a 
triangular raised area as wide as the interorbital space. The attachment 
of the masseter muscle is defined above by a shar]") crest on the upper edge 
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of the arch, which is carried forward 
as a prominent ridge to and beyond 
the anterior border of the maxilla at 
the junction of the lateral and superior 
surfaces of the muzzle. This crest is 
more prominent than in the John 
Day Entoptychi or in Thovix)mys, more 
as in Heteromys, 

Incisors of moderate width and 
slightly convex on the outer surface. 
Molars and premolars like those of the 
John Day Entoptychi^ the crowns very 
long, but with closed roots in old age. 

The type is a nearly perfect skull, 
in the Upper Rosebud beds. Other s 



mx. pmx. 


Fig, 26. Bntoptychus formoma. Skull, 
base view, natural size. Type specimen. 
a, m., auditory meatus; 6. o., basi-occipi- 
tal; b. a., basisphenoid; ms., mastoid; ma;., 
maxillary; pm'x., premaxillary; sg'., squa¬ 
mosal bone; ty., tympanic bulla; x, a small 
accessory bone overlapping the mastoid 
and occipital at their junction with the 
tympanic. 


'so. 12887, found by Mr. Thomson 
ulls and lower jaws are referred to 


this .species. 


Measurements. 


Length of skull (incisors to condyles) . 

Width across arches (estimated) . 

“ mastoids, behind auditory meatus 

Height of occiput. 

Width of [X)storbital constriction 
Height at “ (including mola] 

Width of muzzle at middle of nasals 

Width of incisor. 

Length of diastema. 

Length of grinding teeth p^-m^ at alveolar border 
Width of palate at p^ (exclusive of teeth) 

« t( u n ^ ii i< n ^ 

Length of auditory meatus , 

Transverse diameter of bulla 
Diameter of p\ anteroposterior 2. ; transverse 


m* 

m* 

mS 


1.5 
1.3 

1.5 


-rs) 


Entoptychus curtas sp. nov. 


mm. 

40.1 
24. 

22.1 

11.3 
5.6 

15.3 
9 

21 

12.8 

8.3 
2.2 
3.8 

4.5 
5. 

2.5 

2.3 

2 . 

1.6 


Size a little less than E. formosus, muzzle somewhat shorter, postorbital 
constriction much shorter and somewhat wider, without postorbital crests; 
sagittal crest low and narrow, extending forward to the posterior part of 
the postorbital constriction, triangular area at junction of sagittal and 
postorbital crests minute. Teeth as in the preceding species but pj slightly 
lai^r. 
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Type, No. 12890, a skull from the Upper Rosebud beds, found by Mr. 
Gregory. Other specimens from the Upper and Lower beds are referred 


to this species. 

Measurements. mm. 

Length of skull, incisor to condyle.39. 

Width behind auditory meatus.22.8 

Height of occiput.It. 

“ at postorbital constriction (including molars).13.4 

Width of muzzle at middle of nasals ... .... 8.4 

“ postorbital constriction.6.5 

Length of diastema.13.1 

Length of p^-m® at alveolar border.8. 

Diameter of p^ (No. 128.91), longitudinal 2.3; transverse .... 2.6 

m‘ “ 1.8; . 2.3 

“ m^ “ 1.4; “ .... 2. 

m» 1.5; .... 1.7 

The measurements are from the type except as noted. 


IIETEKOMYID.U. 

A lower jaw from the Upper Rosebud beds indicate what is probably 
an undescribed genus of this family. The teeth are very like those of 
Heteromys, but the posterior lobe of lUg is larger and the anterior lobe of 
P 4 smaller in proportion. The size is considerably larger than any of the 
modern species of this genus, the diastema longer, and the incisor directed 
more forward. The coronoid process is less reduced, and the prominence 
at its base on the external side of the jaw is much more pronounced. In 
this and several other respects the confo^’ination of the jaw approaches that 
of PleuroUcuSy but the incisors have the narrow rounded form of the Hetero- 
myida?. It probably intlicates an intermediate genus which cannot at 
present be adequately defined. 

A second much smaller Ileteroinyid is indicated by a part of the lo\ver 
jaw with p 4 “mi preserved. The premolar is propoRionately small, as in 
the larger speci<'s. 

LEPORllLE. 

Lepus macrocephalus sp. nov. 

This species belongs to the j)rimitive group represented by L. ennisianus 
of the John Day, intermediate between Palceolagus and the typical modern 
hares. The type specimen, No. 12910, consists of a lower jaw with fore 
and hind feet of both sides and parts of the limbs, etc. It is a more robust 
and considerably larger species than X. ennisianus, and like it has three 
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<?olumns on the outer side of pa, but the furrow between the two anterior 
columns shallow as compared with modern Lejms, The last molar is much 
reduced, as in Palwolagm, The jaw is short, deep, and heavy, equalling 
L, campestris in size but with shorter diastema. 

The limb bones and feet arc much smaller than in L. campestris, nearer 
to L, virginianus in size and proportions. It is of interest to observe that 
in the elongation and specialization of the limbs and feet the Lower Miocene 
Leporida?, in this species at least, were practically as far advanced as any 
of their modern descendants. Vestiges of the former primitive five-toed 
short-footed conditions appear more clearly than in the modern hares, 
and there are also accessory ossicles on the dorsal surface of the proximal 
ends of rnc. II and III and of mt. II, presumably associated w^ith peculiar 
conditions of the carpal and tarsal extensor tendons, whu’h require further 
study for their explanation. But in proportions and in character of the 
articulations the podials, metapodials, and phalanges, and what can be seen 
of the limb bones, compare nearly with the typical Lepus, and would place 
the species in this genus rather than in the short-limbed group of modern 
Leporida* (Sglvilagm, Caprologm, etc.). 

It is remarkable that palaeontology has thrown so little light upon the 
relations of the Lagoinorpha to the remaining Rodentia. No Eocene 
Rodents show any approximation to this group; they appear suddenly 
in the Oligocene, already abundant and liighly specialized, the Leporidse 
in North America, the Ochotonidse Lagomyidee in Europe, and have 
changed comparatively little from that epoch to modern times. Judg¬ 
ing fn)m their rate of evolution these two closely related families must 
have diverged during the Eocene, and the splitting off of the Lagoinorpha 
from the main rodent stock must date well back in the Cretaceous. 
From the entire absence of related forms in the Eocene of Europe, the 
two Americas and Africa, it is fair to assume that they did not develop 
upon any of these continents; they are undoubtedly a northern type, 
and Asia appears the most probable place of origin. 


Measurements. (Type of L macrocepJiaJus.) mm. 

Length of lower dentition Pa-m,,. 15.7 

“ “ diastema of lower jaw.15. 

Depth of jaw beneath p 4 .13. 

Ijength of me I 5.5; diam. distal end . . .... 2.5 

II 20.1; 3.7 

“ u if III 22.9; 3.6 

V 12.5; . . 3.8 

Length of proximal phalanx, digit II . 10.5 

'' '' ‘'III . . .... 11.3 

ti i< tt << V . .10.5 
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mm. 


Length of middle phalanx, digit V . . .6.2 

** ungual ‘‘ forefoot.6- 

Length of calcaneum.24.9 

Length of mt. II 42.3; diam. distal end . 4.5 

“ '' '' III 43.; 4.5 

« « « IV 41.6; “ “.4.7 

** a t( V 37 .<<*<<< ..... 4.7 

Length of a proximal phalanx (III or IV) . .18*5 

median “ .8.8 

“ ungual .10. 

Total length of manus . 62.2 


109. 


Lepus primigenius sp. nov. 

A second smaller species of similar type to L. macrocephalus is indicated 
by a single lower jaw, No. 12911. The teeth are like those of the larger 
species except in size, the jaw is not so deep and the diastema proportion¬ 
ately longer, although short in comparison with most of the modem Leporcs. 


DICOTYLID.E (Tag^ssuiim;). 

The Suidtc, Elotheriidte and Dicotylidw are apparently derived from a 
common Eocene ancestry and the Dicotyline group is first clearly distin¬ 
guishable from the others in the Oligocene Percherrus. The skeleton of 
this genus is unknown; the skull differs from modern peccaries chiefly in 
the small braincase, simple premolars, full Eutherian dentition and simple 
round bulla without cancellous tissue. In all upper Miocene, Pliocene, 
Pleistocene, and recent species the upper incisors are reduced to two, the 
premolars are more or less completely molariform, pi is absent, the bullie 
are filled with cancellous tissue, and the brain is of much larger size. These 
characters aix; common to Dlcofyles, PlatygonuSy MijlohyuSy and Prosihen- 
mps, and each of these genera shows various divergent specializations in 
addition to the common progressive characters.^ 

The Lower Miocene peccaries are intemiediate in the progressive char¬ 
acters common to all the genera, and might be ancestral to any or all of 
them. Peterson has described and figured a species from the Harrison 
beds of Nebraska under the name of Thinohyus siouxensis. The typical 
Thiru)hyus is from the Oligocene (John Day) and neither Peterson nor 
Sinclair make any attempt to distinguish it from the previously described 
Perchwrus of the White River. Skulls of Perchcerus in the American Mu- 

> See Matthew and Gidle.y, Uull, A. M. N. H., 1904, p. 265. 
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the two to be very closely related, and I do not know of any 
valid^'|)!Bneric distinctions. Thinohyus” siouxensis is, however, distin- 
gittthi^from Perchcmis and the typical Thinohyus by the following char- 
actei»3, (1) Lateral incisors reduced, median incisors enlarged. (2) Pj 
abseniWi (3) Bullae filled with cancellous tissue. 

A nearly related species from the Rosebud shows in addition to these 
charaolers some degree of prernolar complication. It appears therefore, 
as Mirj Peterson has already suggested, that T, siouxensis should be sep¬ 
arate# from the Oligocene species, as a distinct subgenus at least, and this 
is mnie clearly evident in the Rosebud species, which may be regarded 
as generically distinct. 


Desmathyus gen. nov. 

This genus is designed to include peccaries with three upper incisors 
but the lateral incisor reduced or vestigial and the median enlarged, the 
first lower prernolar absent, prcmolars beginning to be molariform, bullfe 
filled with cancellous tissue. Proportions of skull much as in Perchcerus 
(Thinohyus) and Dwotyles, but braiucase much smaller than in the modern 
genus. In Percharus the incisorl are of equal size and the dentition com¬ 
plete, the premolars simple and the bulla not cancellous. In all the later 
genera there are but two incisors; in Dicotyles the median one is enlarged, 
in Prosthennops and Mylolnpis both are vestigial, and the muzzle elongate. 
In PJatygonus the crowns of the teeth are higher and crested transversely. 
In Prosthennops, Mylohyus, and Dicotyles the premolars are more com¬ 
pletely molariform. 

As type of the genus I take the species described below, and refer 
to it siouxensis as a pnmitive marginal form transitional from 

Perchcenis, 


Desmathyus pinensis sp. nov. 

Type, a skull and part of lower jaw from the upper Rosebud, No. 12936, 
found by W. D, Matthew. Two other skulls, one with lower jaws com¬ 
plete, the other with lower teeth only, and a lower jaw with fragments of 
tte skull are referred to the species. All are fnim the same horizon and 
locality. 

The species is distinguished from D, siouxensis by greater reduction 
of^i® and enlargement of P; p* two-rooted, close to p^ and separated from 
by a diastema; premolars broader and p® with well developed deutero- 
cone and posterior heel; skull larger and proportionately broader, especially 
wthe muzzle. The lower jaw is deeper and less ungulate beneath the 
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symphysis; the fourth premolar in the type has a crest represenfittjg tht 
eiitoconid, but in all the referred specimens the entoconid is a 
cusp. In X>. simixemis it is not present. 


Measurements. (Typo specimen, No. 12936.) 


Skull, length from incisors to occiput . 

“ “ condyles . 

width at zygomata .... 

Muzzle, width at canines .... 

** “ across postorbital processes . 

Occiput height. 

Upper dentition, length ... 

Palate, width across m^ ... 

Diameters of iS anteroposterior 12; transverse 

“ a |2 « 9 . a 

u p << 5 2; 

u u jji 17 . 

« p^~^, length 

Length from canine to ix\^, lower jaw 
** of three lower prernolars . 

Lower jaw depth beneath m, 

Skull No. 12938. 
Length from incisors to occiput 


nun. 

310. 

270 . 

141. 

70^ 

107. 

103.7 

105.6 
71.2 
15. 

82 

4.8 

11 . 

48.4 
60.8 

106.7 
88 . 

41.5 


337. 


HYPEllTRAGULID/E. 

Hypertragulus ordinatus sp. nov. 

Larger than the tyj^e of the genus (//. calcaratus), about equal in size 
to //. hesperius Hay from the John Day. Di.stinguished from either species 
by the closing of the diastema between w and pg and great reduction of the 
diastema between Cj and pj, in the lower jaw. The length of the diastema 
between (the caniniform) p^ and pg is increased, so that the general propor¬ 
tions of the jaw are about the same. Molar crowns more hypsodont than 
in H, hesperius, about as in II. calcaratus. Fj and pg are shorter and pio- 
portionately higher than in the John Day si)ecies, but less reduced than in 
the White River species. 

Two or more undescribed species of Hypertragulus are indicated by frag¬ 
mentary material in our collections from the White River, and at least cme 
from the John Day. In one of the White River species the anterior diastema 
is closed, a fact that Prof. Cope had evidently observed, as he had given 
the fragments an appropriate manuscript name. But the diastema between 
p2 and Ps is found in every Oligocene specimen that I have seen; its disipii- 
pearance may therefore be a mark of progress of the genus. 
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The type, No. 13011, is a complete lower jaw from the Lower Rosebud 
beds of Porcvipine Creek. The genus is represented by various fragmentary 
specimens, probably of this species, all from the lower beds. In the Upper 
Rosebud it is replaced by Blastomeryx. The specific name refers to the 
compact ranking of the teeth resulting from closure of the lesser diastemata. 

ANTILOCAPRlDiE. 

Merycodontinae. 

Blaatomeiyx Cope. 

True ruminants (Pccora) are common in the Middle and Upper Miocene 
of this country, but are not found in the Oligocene. We have found no 
trace of them in the liower Rosebud fauna but in the Upper Rosebud are 
two species referable to Blastomeryx Cope, a Middle and Upper Miocene 
genus nearly related to Merycodus I^jidy but with more brachydont teeth. 

This genus is evidently an immigrant type, and the only member of the 
fauna not derivable from the White River and John Day faume. ITie 
manus and pes are typically pecoran and in no respect transitional from 
any of the Hypertragulidse of the Oligocene. 

Blastomer3rx advena sp. nov. 

The type is a lower jaw, No. 13014, which agrees quite nearly with B. 
gemmijer of the Pawnee Creek beds but is considerably smaller. A second 
lower jaw. No. 13016, with a few skeleton bones, indicates a larger variety 
or distinct species. A third specimen No. 13015, with a considerable part 
of the skeleton but no skull parts, probably belongs to this genus. It shows 
the structure of manus and pcs almost identical with that of B. gemmifer. 




69 . 57 . 99 ( 94 ) 

Artide X.—ON A COLLECTION OF AUSTRALIAN AND 
ASIATIC BEES. 

By T. D. a. Cockerell. 


The bees which form the subject of this paper belonged to the collection 
of the well-known entomologist Henry Edwards, and are the property of 
the American Museum of Natural History. Mr. Beutenmtiller informs 
me that the Australian specimens were collected by W. Macleay, but the 
collectors of the others are unfortunately unknown. Of peculiar interest 
is the little series from Amboina. So far as I can ascertain, ten species of 
bees have been recorded from that island; eleven are now added, making 
a total of 21. The first records were three by Fabricius in 1804, based on 
specimens obtained from Billardi^r. These Fabrician species were veiy 
briefly described; one of them, a Crocisa, was supposed to be well-known, 
but a topotypical specimen now before me shows that the species has been 
misunderstood; the second, a Megachihy is not known to modem writers, 
unless it is identical with one later described by Smith — as is indeed prob¬ 
able; the third, supposed to be an Anthophoray is unknown to-day, but the 
abdomen has a single conspicuous fulvous band, which should make the 
insect easily recognizable. There are some things in the brief description 
of the last which are rather suggestive of Megachile, 

The next record was that of an Apia by LeGuillou in 1841. This also 
has not been recently recognized; the two species of Apis in the present 
collection from Amboina are common and widespread forms. Dalla Torre, 
in his Catalogue, erroneously gives the locality of Apis gronovii as Timor. 

Smith in 1860 described three species, one of Xylocopa and two of Mega-^ 
chiley collected in Amboina by Wallace. Radoszkowski in 1894 added a 
Crocisa discovered by Doleschall. P^rez in 1901 recorded a Xyheopay and 
Friese in 1905 a third Crocisa. 

The complete list is as follows; the species marked with an asterisk are 
added in the present paper:— 


Apis gronovh LeGuillou. 
dorsaia Fabricius.* 

** indica Fabricius.* 

Xylocopa unicolor Smith. 

“ confusa P^rez. 

** Tnohnikei Ckll.* 
Anthophora vigilans Smith.* 

“ elegans Smith.* 
toallacei Ckll.* 

** (?) fidvata (Fabricius). 


MsgachUe frontalis (Fabricius). 

** lachesis Smith. 

“ ventralis Smith. 

doleschaUi Ckll* 
dampien Ckll.* 

“ funneUi Ckll.* 

Crocisa noveehoUandioB Lepeletier.* 
** amboinensis Radoszkowski. 

nitidida (Fabricius). 

** nigrescens Friese. 

Nomia amboinensis Ckll.* 
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The neighboring islands Ceram and Bourn have the following records:— 

Nomia cancinna Smith.— Ceram. Nomada insularis Smith.— Ceram. 

“ simUlima Smith.— Ceram. Megachih funeraria Smith.— Bourn. 

Xylocopa unicolor Smith.—Ceram, Bourn. punciicoUis Friese.— Bouni. 

Melipona atrata (Fabricius), cited by Dalla Torre as from Amboina, is 
American. 


Megachhe macleayi sp. nov. 

9 , Length just over 17 mm.; abdomen of the parallel-sided type; wings dark 
fuliginous, shining purple, the apical margins broadly paler; black, seen from above 
the only conspicuous pubescence is snow-white, covering the scutellums and meta¬ 
thorax, and a bright orange-red patch covering the fifth and sixth, and a large part 
of the fourth, abdominal segments. Head massive and subglobose, face very broad, 
the eyes slightly converging above; face at sides and about antennae, and cheeks 
below, with thin grayish-white hair; clypeus with rather pale fuscous hair, not 
conspicuous, a fringe of orange hair beneath its lower margin; antennae entirely 
black; vertex with dense large punctures, and minute ones interspersed; a shining 
ridge descending from each lateral ocellus, the two forming a sort of large U, with the 
lower part wanting; clypeus transverse, very broad, its anterior margin simple, 
its surface very densely punctured; mandibles with three large teeth; tegulae black; 
mesothorax densely and coarsely rugoso-punctate; tubercles with a dense fringe 
of white hair; legs black, with inconspicuous dull hair, that on inner side of basal 
joint of hind tarsi reddish fuscous, contrasting with a tuft of pure white at apex of 
tibiss; hind spurs piceous; first abdominal segment with white hair; second and 
third segments bare and shining, with large punctures; sides of fourth segment 
bare except apically; ventral scopa creamy white, fuscous on the last two segments. 

Hah. — New South Wales (Am. Mus. Nat. Hist., 299). 

A very remarkable and beautiful species, somewhat recalling M, albo- 
basalis Sm., from Murray Island, Torres Strait, but very distinct from that 
and all others. There is probably some affinity with the Tasmanian M, 
leucopijga Sm. 


Megachile beutenmuUeri sp. nov. 

d'. Length lOi mm.; black, abdomen parallel-sided, with a large patch of 
bright orange-red tonientum occupying the fifth segment except at sides, and the 
adjacent apical margin of the fourth; head large, face densely covered with pale 
yellow hair; vertex with a mixture of short dark fuscous and long pale hair; cheeks 
beneath with a l)eard of pure white hair; vertex densely punctured; antennse 
entirely black; clypeus normal; thorax with long white hair; black interspersed 
on mesothorax, and a little on scutellum; viewed from the side, the front ol the 
mesothorax appears white-haired, and the region immediately behind this black¬ 
haired; mesothorax shining, densely punctured; legs black, with white hair; anterior 
coxae densely covered with white hair in front, and unarmed; anterior tarsi slender 
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and simple; tegulss black; wings hyaline, upper half of marginal cell dusky; first 
abdominal segment with white hair, and a white patch on each side of second poste¬ 
riorly; third and fourth segments with short black hair; sixth broadly emarginate, 
'the sides of the emargination very obtuse; seventh not spined; under side of abdo¬ 
men with white hair. 

Hah .— Victoria (Am. Mus. Nat. Hist. 302). 

Somewhat related to M, erythropyga Sm. and M, canijrons Sm. 

Megaehile henrid sp. nov. 

9 . Length about 14 mra.; black, the face covered with bright orange-ferrugin¬ 
ous hair, and the apical dorsal segment of the abdomen nearly covered by tomentum 
of the same color. Head large, facial quadrangle about square, eyes slightly con¬ 
verging above; vertex with short dark fuscous hair, occiput ^ith long pale hair; 
antennse entirely black; clypeus transverse, its edge somewhat crenulate, but 
otherwise simple; mandibles stout, with two large teeth, and a subapical band of 
fulvous hair; cheeks broad, white-haired; thorax with much white hair, a' little 
black intennixed on mesothorax; mesothorax shining, rather shallowly rugoso 
punctate; wings dusky, not very dark, upper half of marginal cell fuscous; legs 
black, with white hair; hind spurs black; hair on inner side of basal joint of hind 
tarsi dark fuscous; claws with a conspicuous diverging basal tooth; first abdominal 
segment with white hair, lateral hind margins of second with conspicuous white 
hair patches; remaining segments, except the red apical patch, with short black 
hair; ventral scopa silvery white, black at sides of last three segments. 

Hab .— New South Wales (Am, Mus. Nat. Hist., 301). 

In my table in Ann. Mag. N. H., June 1906, this runs to 5, and runs out 
because the wings are not very dark and the abdomen is not banded. It 
is quite distinct from all the described species. 

Megachile maculariformis sp. nov. 

9 . Length a little over 12 mm.; black, the hair of the face light bright orange- 
fulvous, and the tomentum covering the apical abdominal segment of the same 
color; abdomen broad, shovel-shaped, the segments transversely grooved, and 
their hind-margins having narrow entire pure white hair bands, except the penulti¬ 
mate one, which has the band colored like the apical patch; the hair before all these 
bands is coarse and black, except that the greater part of the first segment is covered 
with long white hair; ventral scopa pure white, black at extreme sides except on 
first segment, entirely black on apical segment, and largely black on apical half of 
penultimate one. Head large, antennae entirely black; hair of vertex fuscous; 
clypeus normal; mandibles with three teeth, not counting inner comer; cheeks 
with white hair; pleura and metathorax with much white hair; hair of thorax 
above mostly black; spots of dense pure white hair on tubercles, just above tegulse, 
and a pair of transverse ones in scuteUo-mesothoracic suture; mesothorax and scutel- 
lum very densely punctured; tegulas rufo-piceous; wings dusky, but not fuliginous; 
legs black, with white hair, the femora and anterior tibies dark reddish with white 
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hair; hair on inner side of hind tarsi dark fuscous; basal joint of hind tarsi broadened; 
daws with a basal tooth. 

Hob ,— New South Wales (Amer. Mus. Nat. Hist. 303). 

Allied to M, macularis D. T.,but differing in color of antennae^ of abdom¬ 
inal bands, etc. 

Megachile modesta Smith, New South Wales. Clypeus emarginate, 
the sides of the emargination shining; apical segment of abdomen black, 
but with orange pile. This must be the true modesta, and the species 
reported as modesta in Ann. Mag. Nat. Hist., June, 1906, p. 531, should 
apparently be known as M, apicata Smith. 

Megachile devadatta sp. nov. 

d'. Length llj inm.; expanse over 19; length of abdomen about 5. Black 
with red legs, and dullish fulvous hair, passing into white below; the abdomen short 
and truncate. Face densely covered with pale yellowish hair, except the upper 
part of clypeus, where the densely punctiired but shining siirfaoe is bare; under 
side of head with long white hair; flagellum obscure reddish beneath, last joint not 
in the least broadened; mesothorax and scutellum as densely puncttired as is possible, 
but the narrow dividing lines between the punctures shining; hair of thorax above 
fox-red, not hiding the surface; tegulac pale fermginous; anterior cox® black, with 
stout but only moderately long spines; anterior femora, tibi® and tarsi entirely 
bright ferruginous, the tarsi somewhat broadened and flattened, but without any 
very peculiar features; middle femora red above and apically, otherwise blackish, 
their tibi® red, but their tarsi long and blac;k with much long yellowish-white hair; 
hind legs colored much like the middle ones, but their tibi® much blackened apically, 
and decidedly curved; hind tarsi with the basal joint broad but not long, the apical 
joint very long and slender; claws with the basal half pale fulvous, the apical black, 
strongly bifid but with no basal tooth; spurs pale fulvous, hind spur minutely ciliate; 
wings subhyaline, strongly reddish; second s. rn. below a trifle longer than first; 
abdomen black, with a deeply excavated basin at base, its edge sharp; first segment 
with much fox-red hair; second and third with rather narrow^ uniform, pale fox- 
red hair-bands; beyond this the light bands are dull whitish, and the dark surface 
shows many black bristles; apical segment vertical, its margin broadly subtruncate, 
obscurely crenulate of tuberculate, with a feeble median emargination; no sub- 
apical ventral spines; ventral segments fringed with white hair. 

Hah .— Northern India,— no other particulars known (Am. Mus. Nat, Hist). 

Allied to M, huddhee D. T., but that has the margins of the abdominal 
segments and the apex of the mandibles ferruginous. 

Megachile doleschalli sp. nov. 

9. Length about 13 mm.; expanse 21; black, wdth fox-red hair, especially 
on abdomen, which is elongate shovel-shaped. Hair of front and sides of face pale 
ferruginoi:®, but of clypeus (except the extreme sides) coarse and black; antenn® 
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black; clypeus very densely and coarsely punctured, except upper margin, and a 
less decided median line, which form a sort of smooth signing T; anterior edge 
normal; mandibles black; with a dull red spot at base of second tooth, 4-dentate, 
the two apical teeth long and narrow, the third in the form of a very broad triangle, 
the fourth a little tubercle; no subapical band of hair; hair of vertex and thorax 
above fox-red, sparse in middle of thorax; mesothorax and scutellum shining, 
with strong punctures, dense laterally, but on disc separated by spaces fully equal 
to their diameter; at sides of metathorax and below wings the hair is copious and 
fox-red, on lower part of pleura it is scanty and pallid; tegulse light rufo-fulvous; 
wings dusky, strongly reddish, nervures and stigma ferruginous; legs black, a reddish 
spot at apex of tibiaj; tarsi with fulvous hair; hind basitarsus (basal joint of hind 
tarsus) broad and flat, at least as long as the other joints together; spurs ferruginous; 
claws simple apically, but with a basal tooth; abdomen black with fine punctures, 
covered above with fine fox-red hair, which is dense and bright on the hind margins 
of the segments, forming bands against a duskier (but still red-haired) ground; 
scopa bright ferruginous, a few black hairs on the apex of the last segment. 

Hah .— Amboina (Am. Mus. Nat. Hist.). 

Named after Dr. Doleschall (e/. Wallace, Malay Archipelago, p. 224). 
This looks just like a small edition of the African i/. julva Smith, except 
that that has a dull mesothorax. 

Megachile dampieii sp. nov. 

oV liCngth about 11 mm.; expanse 20; length of abdomen (which is of the 
parallel-sided truncate type) about 5. Black, with fulvous hair, that on head 
yellowish-white or very pale yellow. Face densely covered with yellowish silky 
hair; ocelli ferruginous; vertex dull, cribrately punctured, with rather thin long 
erect yellowish hair, and a little fuscous at the sides; antennae long and slender, 
black; mandibles shining black, strongly elbowed; hair of thorax long and not very 
bright, not hiding surface; some black hair on scutellum, and even a little on hind 
part of mesothorax; mesothorax and scutellum with large shallow punctures sepa¬ 
rated only by their raised edges, giving the w'hole a fine reticulation, with something 
the api)earance of the surface of the moon; pleura also contiguouvsly punctured; 
tegulte dark reddish; wings dusky, strongly reddish, ner\nires and stigma rather 
dark ferruginous, stigma rather smaller than in M. doleschalli; middle and hind legs 
black, their tarsi reddened, with very long fulvous hair; anterior femora and tibias 
red, black on the outside; their tarsi cream-color, the joints flattened but only 
moderately broadened, the first joint with a^iringe of white hair on its low'er margin; 
anterior coxae with black spines; middle tarsi short and flattened, the hind margin 
with exceedingly long hair; hind tarsi elongated, longer tlian the tibi®; spurs 
ferruginous; claws bifid; abdomen with fox-red hair, quite bright, dense on the 
hind margins of the segments, forming rather obscure bands; apical segment vcfrtical, 
with some erect dark hairs, its margin strongly emarginate; very small lateral 
subapical ventral spines. 

Hah .— Amboina (Am. Mus. Nat, Hist.). 

I.^oks at first sight like the male of if. doleschalli, but the sculpture of 
the thorax is entirely different. 
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Megachila fuxmelli sp. nov. 

9 . Length about 8J mm.; black, the middle and hind femora bright ferruginous 
except at extreme apex; ventral soopa white, very short and somewhat fuscous 
on last segment. Head large, oval, with a broad vertex, Hcmdcs-like; hair of head 
and thorax very scanty, dull white; antennEB wholly dark; clypeus with very large 
contiguous punctures, the anterior edge straight; supraclypeal area with the punc¬ 
tures even a little larger, but not so dense; front and vertex cribrately punctured, 
the punctures of the vertex enormous; mandibles broad, with two strong apical 
teeth, the other two teeth represented merely by an undulating margin; mesothorax 
and scutellum nude, with very dense small punctures, hardly half the size of those 
on vertex; punctures of pleura a little larger than those of mesothorax; tegulse 
dark, with a reddish tint; wings dusky, but not very dark; stigma and nervures 
dark ferruginous; b. n. falling only a little short of t. m.; stigma quite large; legs 
black except the red middle and hind femora; hind basitarsus broad and flattened, 
with prange-fulvous hair on its inner side; spurs ferruginous; no pul villus; claws 
simple, no basal tooth; abdomen densely punctured, with very narrow white hair- 
bands on the niargins of the segments; punctures on raised part of third and fourth 
segments relatively large. 

Hah .— Amboina (Arn. Mus. Nat. Hist.), 

Named after William Funnell (c/. Wallace, Malay Archipelago, p. 224), 
who visited Amboina in 1705. This species strongly recalls some of the 
little Heriadiform Australian forms. 

The following table separates the known Amboinese species of Mega- 
chile :— 


Very large with entirely black pubescence; wings fuliginous . lachesis Smith 

Smaller, hair not all black.1. 

X, Abdomen with fulvous or red hair above; scopa of known females red . 2. 

Abdomen not fulvous-haired above.3. 

2. Middle of mesothorax shining, with well-separated punctures doleschalli Ckll. 

Middle of mesothorax dull, with a minute raised reticulation dampieri Ckll. 

3. Size small; abdomen with narrow white hair-bands; scopa white funnelli Ckll. 

Larger, over 10 mm. at least; abdomen without light hair-bands . . 4. 

4. Front and clypeus with white hair. frontalis (Fabr.). 

Face with yellowish white hair in male; front of head and sides of thorax with 

black hair in female; scopa bright ferruginous . . . ventralis Smith. 

It is quite possible that ventralis is the same as frontalis) the shoi*t Fabri- 
cian description appears to agree with the male of ventralis, 

Saropoda bombifonnis Smith, Victoria; 26^ (Am. Mus. Nat. Hist. 295). 

Anthophora wallacei sp. nov. 

9 . Length about 14 mm,; expanse of wings about 27. Robust, black, with 
rather pale fuliginous wings; hair of cheeks and occiput dense and white) front and 
face with long black bristles) white hair at sides of face and around antennss; clypeus 
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coarsely and densely rugoso-punctate, its anterior margin, and a median streak at 
right angles with it, dull cream-color; a small triangular creamy supraclypeal mark; 
a round spot of the same color at each lower lateral comer of clypeus (joining margi¬ 
nal band), and a small mark by each lateral suture; base of mandibles with a large 
light spot; labrum light, with the edge dark, and a dark spot at apex and one at 
each basal comer, the light part with numerous fuscous bristles; maxillary palpi 
6-jointed, the second nearly as long as the following four together, broad, curved, 
its inner edge very finely and regularly ciliate, its outer with coarse black or fuscous 
bristles; third joint only about half as broad as second, but much broader than any 
of the following; fourth a little shorter than third; fifth shorter still; sixth minute; 
paraglossflB reaching beyond middle of labial palpi; tongue very long; antennse 
short, entirely dark; hair of thorax very dark brown, at first sight appearing black, 
hut white, in strong contrast, on the metathorax and extending as far forward as the 
scutellum, though on the latter strongly intennixed with dark; anterior middle of 
mesothorax also with some white hair; tegulae dark mfo-piceous; legs with dark 
hair, white on outer side of the tibiic; hind tibiee and tarsi flattened, basal joint of 
latter broad, entirely dark-haired) spurs of hind and middle tibiae very large; abdomen 
black, black-haired, segments 3 and 4 each with a very conspicuous band of whiie hair, 

Hab. — Amboina (Am. Mus. Nat. Hist.). 

Named after Dr. A. R. Wallace, in remembrance of his visit to Amboina. 

Very much like A, sesquicincia (Erichson), but larger, and differing in 
the details of the pubescence. A. sesquicincia is generally known as A, 
bicincta^Apis hicincta Fabr. 1793, not of Schrank, 1781. 

Anthophora sniginosa Smith, New South Wales, two (Am. Mus. N. 
H. 296). 

Anthophora zonata (L.). Cochin China (Am. Mus. N. H. 415).^ 

Anthophora vigilans Smith. Amboina (Am. Mus. N. H. 403). Dours 
gives entirely wrong measurements for tliis species, and places it as a variety 
or subspecies of A. zonata, while at the same time remarking that he has 
never seen it. It is entirely distinct from A, zonata, though somewhat 
related. 

Anthophora elegans Smith. Amboina (Amer. Mus. N. H.). $. 

There are light hairs among the black on the head and thorax, and the hair 
of the cheeks is dull white; the red hair of the posterior tibice extends to 
cover most of the outer side of the basal joint of their tarsi. The species 
is a very striking one and the Amboina specimen looks just like Smith’s 
types from Key Island, which I saw in the British Museum. 

Anthophora pulchra Smith. Queensland and New South Wales (Am. 
Mus. H. H., 297). The hair of the thorax above is strongly intermixed 
with black, a fact not indicated by Smith. I do not know how this insect 
is to be separated from A. zonata suhcmruka (Lep.), but I have no Indian 
specimens of the latter to compare; if, as I believe, there is no essential 
differences, subctcridea has priority. In general appearance, the insect is 
exactly like the African A, circulata (Fabr.). 
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X]^ocapa tenuiscapa Westw. Madras. 9 . 

Xjloeopa lallpes {Drury). Sumatra (R. Weber), c?. 

Xylocopa fanestrata {Fair.). Madras, 9 . This is fenestrata as under¬ 
stood by P^rez; it does not wholly accord with the description of Bingham; 
thus, the hair at the apex of the abdomen is all black. 

IBI Xylocopa verticalis Lejpel. N. India, c?. This is evidently very 
close to X. confusa P^rez. 

Xylocopa dissimilis LepcL China. 9 . 

Xylocopa bryoruin (Fai^r.). 9. North Queensland, c?. New South 

Wales. In Ann. Mag. Nat. Hist., Aug. 1905, p. 224, I regarded the 
Australian insect as belonging to a subspecies dimidiata Lep. This now 
appears to be an error, and I believe dimidiata is after all a valid species, 
not found in Australia. 


Xylocopa mohnikei sp. nov. 

$ . Length 20J mm.; expanse 42 mm.; black, the thorax with bright yellow 
hair. Superficially, this is exactly like X. bryoru^r), but it differs as follows: Wings 
not so dark, nor so strongly tinted with green; first transverso-cubital nervure 
entire; base of first submargiiial cell if anything a trifle shorter than that of second; 
face conspicuously narrower; olypeus with no median keel; upper two-thirds of 
pleura covered with yellow hair; basal segment of abdomen above with very sparse 
yellow' hair, hardly apparent without a lens; median groove of mesothorax w'eakcr. 
The face, cheeks and anterior tibiic behind have dull white hair, on face mixed with 
black, as is also the yellow’ of the verte.x. 

Hah.- - Amboina. 

A", dimidiata Lep. is from Timor; A^ aruana Rits. is considered to be 
the same. mohnikei differs from dimUiata. by having the flagellum 
ferruginous beneath except at base, the yellow hair on first abdominal 
segment very scanty, the liair at apex of abdomen all black, the hair on 
anterior tibiie behind dull wdiite instead of yellow’, and presumably in the 
structural characters cited above, those of dimidiata being supposed to be 
essentially as in hryorum. From A", confusa Perez, the new species differs 
by the absence of a clypc^al keel and the proportions of the submarginal 
cells. 

Named after Dr. Alohnike, the Amboina entomologist (c/. Wallace, 
Malay Archipelago, p. 224). 

Xylocopa dimidiata Smith, Trans. Ent. Soc. Lond., 1874, p. 287, from 
Ega on the Amazons, may take the name X. batesi, n. n. 

Xylocopa chionotborax sp. nov. 

9. Length about 21 mm.; expanse 47§; width of abdomen 10. Black, of 
the general form of X. dissimilis, but smaller, the wings not so dark, and the thorax 
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above covered with white hair. Hair of head mixed fuscous and dull white; of 
sides and under part of thorax dark fuscous, except a lai^ white patch beneath 
the wings; of basin of first abdominal segment rufo*fuscous; apical fringe black, 
and no light hair on abdomen; hair of legs brown-black; head large, face broad; 
space between lateral ocelli scarcely or not over half distance from either to eye; 
vertex dullish, with very few large punctures; area between antennfe convex, but 
not keeled; scape long, somewhat flattened but not dilated, with a little red at apex 
and base; flagelliun reddish beneath; clypeus densely punctured, with a well- 
marked smooth median band; labrum with a median tubercle; maxillae conspicu¬ 
ously marked with red at base and apex; middle of mesothorax smooth and impunc- 
tate; wings fuscous, with a strong purple (rosy-purple) iridescence; submarginal 
cells complete, the second a trifle longer below than first; posterior tibiae with a 
raised line or keel from near the base to a short distance before the middle its end 
curved outward; in a strong light the hair on under side of hind legs appears dark 
reddish; scutellurn and postscutellum transversely keeled; abdomen with numerous 
strong punctures; hind margins of ventral segments narrowly reddened. 

Hab ,— China (Am. Mus. Nat. Hist. No. 156). 

In Bingham's arrangement of the Indian species, this falls next to X. 
coUaris, but it is known at once from that by the white hair covering the 
thorax above except a small space in the middle. In size and shape, it 
resembles X. fenestrata; the coloration is much more like that of X, phalo- 
thorax Lep., from Sumatra. 

Lestis bombylans (Fabr.). Both sexes from New South Wales. My 
material of L. wrata Smith is from Queensland. 

Apis dorsata Fabr, Arnboina. (Am. Mus. N. H.) This is typical 
dormfa: Apis hinghami Ckll. (zonata Smith), appears to be a distinct species, 
as Ashmead states. I have it from the Khasia Hills, India (Sladen), 

Apis indica Fabr. North India. The specimens have the abdomen 
banded as in var. nigrocincta Smith, but the apical segments and legs are 
dark. I have veiy similar specimens from Ceylon (Green). 

Arnboina, two specimens. I had hoped that I could identify these 
with A. gromnniy but they certainly are A, indica, and do not accord well 
with the description of Le Guillou's species. 

ParacoUdtes venustus Smith, Victoria (P^dwards). Pre\iously known 
from S. Australia. 

Paracolletes frederid Ckll, N. S. Wales. (Am. Mus. N. H. 305.) 
The specimen is a female; only the male has been known hitherto. It 
agrees in general with the male; length about 13 mm.; sca|)e black; flagel¬ 
lum red beneath except at apex; apical fimbria of abdomen pale; hind 
femora and tibiee with a vciy copious creamy-white plumose scopa, a tuft 
at the apex of the femora, and a suffused band down the tibiee above, of 
fuscous hair; hind spur pectinate with numerous fine and quite long teeth. 
On both sides, the lower third of the first transverso-cubital nervure is 
wanting. 
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FaracoUetes crasaipes Smith, N- S. Wales. 2 9. (Am. Mus. N. H. 
306.) Previously known from Swan River. 

ParacoUataa cuprous semipuipureus CklL New South Wales. Pre¬ 
viously known only from Queensland. The specimen has only the apical 
part of the flagellum distinctly red. The abdomen of a second specimen is 
dark green with only a little crimson. 

ParacoUetos carinatulus Ckll. New South Wales. A female^ nearly 11 
mm. long, is referred with little hesitation to this species, known hitherto 
only from a male obtained in Queensland. It is close to P. carinattis, Smith, 
but differs by the hair of the legs being yellowish white, except a broad 
fuscous band on outer side of hind tibise, a fuscous band on outer side of 
middle tibice, and the hair on middle and hind basitarsi within a sort of 
pale orange. The long fringes of hair on margins of ventral abdominal 
segments 2 to 4 are white. The abdomen is olive green, with purplish tints. 
The upper edges of the clypeus shows beautiful crimson and purple tints. 
This insect is allied to P. evpreus semijmrpureus, but larger, with black 
(not largely red) legs. 

Euryglossa ephippiata Smith, N. S. Wales {Edwards), Previously 
known from Adelaide and Queensland. 

Euryglossa fasdatella sp. nov. 

9 . Length nearly 8 mm,; expanse just over 13 mm.; superficial appearance 
exactly like the European Halictua fasciateUus, except for the dark stigma. Black; 
with dull white pubescence; clypeus shining, with strong scattered punctures, and 
no keel; mandibles dark red at apex; antenn® black; vertex and raesothorax dull, 
minutely granular; scutellum shining though granular, with scattered punctures; 
metathorax'minutely granular, dullish; tegul® testaceous; wings yellowish; stigma 
large, dark reddish; nervures testaceous; second s. m. below a little more than half 
as long as first, receiving first r. n. a trifle nearer base than second to apex; b. n. 
falling short of t. m.; legs black, knees dark reddish, tarsi somew^hat reddened, but 
not pale or red; abdomen broad, somewhat shining, reddish-black, the narrow hind 
margins of the segments testaceous. 

Hah .— South Australia (Jidwards coll.; Amer. Mus. Nat. Hist.). 

Distinguished from E. halictiformis Sm. by the larger size, color of the 
legs, etc. 

Euryglossa edwardsii sp. nov. 

9. Length about 7i mm., expanse about 13; head and thorax black, without 
any metallic lustre; head large and round; face and cheeks with soft dull-white 
hair; labrurn with a transverse shining groove; mandibles dark red except at apex; 
dypeus broad and flattened, shining, with strong scattered punctures, and no trace 
of a longitudinal keel; front dull, minutely striato-punctate; facial fovese long and 
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linear; vertex dullish and punctured; ocelli in a curve; antenna ferruginous, 
stained a little with fuscous above; thorax with very little hair; mesothorax shining, 
very sparsely punctured; area of metathorax smooth and shining; tegula black; 
wings yellowish, nervures and stigma ferruginous, venation normal; legs red, the 
femora darkest, the anterior femora strongly blackened behind, middle and hind 
tibia and tarsi light yellowish-red; hind spur pectinate with three long teeth, and 
one or two others rudimentary; abdomen broad, entirely dark ferruginous, with a 
silky gloss, apex with dull white hair. 

Hab .— New South Wales (Am. Mus. Nat. Hist., 324). 

Looks like a Parasphecodes; it is allied to Euryglossa simillirm Sm., but 
differs by the red legs, entirely red abdomen, etc. 

OoniocoUetes gen. nov. 

J'. Colletifomi, haiiy, with a rather narrow tapering abdomen; mandibles 
slender, with a short inner tooth; tongue very small; labial palpi 4-jointed, the 
joints subequal, the second and third shorter than the first or fourth, the first two 
joints broad apically, the last two very slender throughout; maxillary palpi ordinary, 
six-jointed; antennae ordinaiy, the last joint fiattened apically; stigma small and 
narrow; three submarginal cells, the first below about as long as the other two 
combined, the third larger than the second; second s. m. receiving first r. n. at its 
middle, third receiving second r. n. very near its end; second s. m. broad, moderately 
narrowed above; marginal cell with the apex rounded, not on costa; b. n; meeting 
t. m., or falling a little on the outer side; second r. n. with its upper part gently 
curved outwards; seventh dorsal abdominal segment presenting a roughened black 
triangular pygidial area, sharply pointed apically; apical ventral plate projecting 
far beyond dorsal, pygidiiform, narrow, rounded apically, dull and roughened except 
apically, where it is shiny, fringed laterally with very long curved pale hairs, and 
beneath with an erect median fringe of dark curved hairs; penultimate ventral 
segment shining and sparsely punctured, elevated in the middle and keeled, presenting 
a beak-like appearance in lateral view; remaining ventral segments normal; area 
of metathorax transversely grooved; legs slender, very peculiar; anterior tarsi 
with the first joint narrow, pale and flat, more than twice as long as the rest of the 
tarsus; middle coxie with a keel-like protuberance beneath; middle femora with 
the lower half beneath excavated, avS though a large piece had been bitten out, the 
basal end of the excavation furnished with a large tooth, directed apicad; middle 
tarsi long, pale and slender, the first joint concave beneath, and about twice as long 
as the rest of the tarsus; hind coxse with a large protuberance beneath; hind tibiae 
strongly bent; only one spur visible on hind tibiae, and that small and pale; hind 
tarsi long and slender, basal joint with a tooth-like prominence beneath, basal 
joint not nearly as long as the remaining joints together; claws with a strongly 
divergent inner tooth. Type G, morsiLS, sp. nov. 

OaniocoUetes morsus sp. nov. 

(J. Length about 13 mm,; black, clothed with long light yellow hair, dense 
and golden on the face; face broad; lower edge of dypeus broadly whitish; mandi¬ 
bles yellowish-white except the dark apex; scape black; flagellum red; blackish 
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abdve at base; mesothorax shining, strongly and closely punctured, except an area 
in the middle, where the punctures are very sparse; scutellum similarly punctured; 
sides of metathorax coarsely roughened or very densely punctured, yet shining; 
area triangular, transversely rather irregularly grooved; tegulfie pale yellowish; 
wings yellowish, nervures and stigma ferruginous; tarsi pale pellucid yellowish; 
tibise suffused and stained with rufo-fuscous; femora marked much like tibiae, but 
anterior and middle femora entirely pallid above; abdomen black and densely 
punctured, except the very broad hind margins of the segments, which are pellucid 
shining testaceous; on the sixth segment above the long hair is fuscous, but on the 
first to fifth pale yellow. 

Hah .— New South Wales (Amer. Mus. Nat. Hist., 304). 

Lamprocolletes ruficorriisy Smith, from Western Australia, sliows several 
points of similarity, and may prove to be congeneric. It is not yet known 
in the male. 

Orocisa quadrimaculata Rads. New^ South Wales (Am. Mus. N. Hist. 
317). So far as I can make out from the des(;ription, this must be quadri-^ 
mo/culaia, wdiich is not a synonym of C. albomacnlnta Sm., as Friese has 
placed it — though with a (piery. 

Orocisa macleayi sp. nov. 

9. Length a little over 14 mm.; black, the light markings (of pubescence) 
white stained with ferruginous; eyes converging below; mandibles somewhat elbowed, 
and with a spot of white hair at base; labrum with a low prominence on each side; 
clypeus ro\igh with very dense small punctures, and with a smooth median line on 
its apical third; antenna^ black; thorax w'ith the usual spots; pleura light haired, 
with two bare black spots, one above and the other below; scutellum black, the 
margin w-like, the point.s very sharp, reddish-w^hil e hair coming from beneath the 
middle incision; teguhe black; anterior wings very dark fuliginous, except the base 
(much less than half) and the usual spots, w^hich are hyaline; marginal cell very 
short; tibite and basal joint of tarsi light-haired on outer side; first four abdominal 
segments with two spots on each side; first also with white shoulder-spots; inner 
spots on second segment transversely elongated, approaching the outer, which are 
hi^rdly to be seen from above; fifth segment with one spot on each side; pygidial 
plate very narrow, with a strong median keel, and somewhat elevated cariniform 
margins, ventral segments two to four with a transverse spot on each side. 

Hab .— New' South Wales (Am Mus. Nat. Hist., 317 pars.). 

This looks at first sight like quadrimaculata, but it is much larger ($ 
qwidrimamdaUi is 11 mm. long) and the scutellum is quite different. 

The following table separates the white-spotted Australian species of 
Crocisa :— 

length 11-12 mm.; second abdominal segment with an interrupted white band; 
scutellum W-like . . . . C. rotundaia Friese {albomactdata Smith). 

Second abdominal segment with four spots . 1 
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1. Middle and hind tibiae white only at base; size large . C. lugvbris Smith. 

Middle and hind tibiae covered with white hair on outer side .... 2 

2. Larger, scutellum W-like. C. macleayi Ckll. 

Smaller, scutellum -like . . . . C. quadnmacuUUa Bads. 

C. (dbomaculata Smith is preoccupied by C. (dbomaculata (DeGeer) from 
Africa. 0. atistralensis Rads., which Friese gives as a synonym, is an 
entirely different, blue-spottedt species, and (7. qmdriinacidata is also dis¬ 
tinct. The latter, however, is perhaps what Friese took for albomaculatay 
and I believe that rotundata Friese is Smith’s species. Smith expressly says, 
“scutellum deeply notched.” 

C. australensis is evidently very close to C. lamprosoma Boisd., and is 
perhaps not to be separated from it. 

Orodsa csnileifrons W. F, Kirby, New South Wales. (Am. Mus, 
Nat. Hist. 316.) 

Orodsa nitidula {Fabricms). Amboina, $ (Am. Mus. Nat. Hist.). 
This species was originally described from Amboina, and the specimen 
agrees exactly with the Fabrician diagnosis. The tarsi are wholly without 
light hair, and the insect is 10 mm. long or a little more, so that it agrees 
with Friese’s brief account of his C, nitidula tarsalis. The scutellum, 
however (wholly without dark marks, or hairs protruding from beneath) 
is rather of the /--^-type, certainly not a good W. Tlie greenish-blue 
spots shine most brilliantly. 

The C. nitidula of Lepeletier has a blue-spotted scutellum, and..a spot 
on each side of the first abdominal segment, instead of a broad entire basal 
band. It cannot possibly be reconciled with the Fabrician insect. C. 
emarginata Lep., from New Ireland, is evidently close to the true nitidula^ 
though apparently distinct; this is not the emarginata of Friese. The 
Crocisa nitidula of Friese, Zeits. Hym. Dipt., 1905, p. 4, may take the name 
Orodsa pemitida. 

Orodsa noyss-hollaxidia Lepeletier, Amboina (Am. Mus. Nat. Hist.). 
A lovely species, with the light markings pale dull blue; the first abdominal 
segment forms a very wide W, the points forming angles slightly greater 
than right angles. The scutellum is‘‘all black, but the axillse have small 
blue spots. The insect agrees so well with Lepcletier’s description that 
I cannot refuse to identify it with his species; I suspect that the original 
locality, “Nouvelle-Hollande,” may be erroneous, as no such species has 
been found recently in Australia, and the type was from the Dejean collec¬ 
tion, which I have on other occasions suspected to be fallible in the matter 
of locality-labels. 

Komia austraUca New South Wales; both sexes. 
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Nomia amboinensis sp. nov. 

9 * Length 11J nun.; expanse 20 mm.; a black, Arwireno-like species with a 
shining nude bandless abdomen, covered at the extreme apex only with light yellowish 
hair. Sides of face with black hair, a little reddish near antennse; front with punc¬ 
tures of two sizes; just above the clypeus is a delicately striated punctureless area; 
vertex with black hair; antennsB dark, flagellum faintly reddish beneath; clypeus 
coarsely stiiatopunctate, with a strong median keel and sharp raised lateral and 
apical margins; mandibles obscurely bifid; second joint of maxillary palpi about 
or nearly as long as 3 + 4; thorax above dull and granular, with very minute punc¬ 
tures, and scattered larger ones; hair of thorax short and black, paler on tubercles, 
dull white and copious on sides of metathorax; postscutellum with a large bifid 
prominence, the forks blunt; tegulfie large, dark coppery-red; wings very yellow; 
stigma and nervures clear ferruginous; second s. in. higher than broad, receiving 
first r. n. beyond its middle; legs black, hind tibise and tarsi more or less reddish; 
hair of anterior legs dark; of middle legs beneath fulvous, but yellowish-white on 
upper (outer) side of their tarsi and extreme apex of tibise; hind femora with a large 
curled dull white scopa; hind tibi® and tarsi with much dull w^hite hair; hind 
basitarsus large; abdomen with only the basal part of the segments punctured, and 
that not densely; base of fourth segment with long black hairs, prone and directed 
caudad; hind margins of ventral segments fulvous, and fringed with light hair. 

JEfaZ)—Amboina (Am. Mus. Nat. Hist.). 

Readily known from N, dentaia Smith, of the Aru Is., by the black hair 
of face, and bifid postscutellar prominence. The scutellum is normal, a 
little depressed in the middle. If we admit Hoplonomia, Paranomia and 
Stictorumia as genera, this species might be regarded as the type of a new 
genus; but it is questionable whether so many genera should be recognized 
at the expense of the old Noviia. 

Parasphecodes tilachus Smith, New South Wales. (Amer. Mus. 
Nat. Hist.) Previously known from Tasmania. 

Parasphecodes tilachilormis sp. nov. 

9 • Ticngth 8 mm. or slightly more; head and thorax black, as also legs; abdo¬ 
men dark red, strongly blackened from the third segment (except its basal third) to 
the apex; clypeus shining, with large punctures; antenme wholly dark, the flagellum 
very faintly reddish l>eneath apically; hair of head and thorax dull white, abundant 
on pleura, scutellum and sides of metathorax; mesothorax dull and granular; area 
of metathorax strongly longitudinally plicate, without a very distinct rim; tegulee 
black with a slight red tint; wings smoky, especisdly at apex, but not especially 
yellowish; stigma dark ferruginous; nerv’^ures fuscous; second s. m. much smaller 
than third, and conspicuously higher than broad, receiving first r. n. in its apical 
comer; legs with alrundant short dull white hair; spurs ferruginous, hind spur 
simple; abdomen robust, dullish, with much short dull whitish hair, black on the 
black areas; venter with coarse dull white hair, which appears to have carried some 
pollen. In my table of Parasphecodes (Am. Mag. Nat. Hist., Sept. 1904) this runs 
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out, because the first r. n. does not meet second t. c., and the abdomen is not bright 
red. Putting aside the slight difference in venation, P. tilachiformis would run to 
P. tUaehm, except that the ridge behind area is not very prominent, and the outer 
nervures are little weakened. The abdomen is much darW than in tUachus, with 
much more abundant though prevailingly shorter hair; the tegulie and fiagellum 
are also darker, as also is the stigma. There are no lateral hair-patches on the abdo¬ 
men. 

Hah ,— New South Wales (Amer. Mus. Nat. Hist., 322). 

Parasphecodas froggatti CklL New South Wales; two males. The 
antennse (which were broken in the type) are very long, with the flagellum 
entirely black, varying to dull ferruginous beneath. 

Binghamiella (gen. nov.) antipodes (Smith). 

$ . Superficially like Spkecodee; but basal nervure only gently curved; second 
submarginal cell very broad, receiving the first recurrent nervure about its middle, 
its breadth below twice as great as that above; basal nervure meeting transverso- 
medial, which is very oblique; stigma large; mandibles tridentate; spurs yellowish 
white, hind spur simple; face and clypeus shining, with very large punctures; scutel- 
lum with very large punctures; area of metathorax distinct, longitudinally plicate; 
each side of metathorax with two dentiform angles; abdomen shining, sparsely 
punctured; scopa of hind legs white and silky; apex of abdomen with a small shining 
pygidial plate; venter hairy. 

In Ashmead’s tables this runs to CallomeliUa, which is, however, very 
different in appearance, and would not at first sight be associated with it. 
Colonel Bingham, who kindly examined Smith’s type of Sphecodes anti¬ 
podes for me, wrote that it was not a Sphecodes, but should be placed in a 
distinct genus close to CallomeliUa but differing in the shape of thorax, 
pubescence on hind tibiae, etc. It is possible that Binghamiella should be 
considered only a subgenus of CallomeliUa, but I think Col. Bingham is 
correct in regarding it as a distinct genus. 

The specimen in Amer. Mus. N. H. (No. 323) is from New South Wales. 

I have given an account of CallomeliUa in Trans. Amer. Ent. Soc., 
XXXI, p. 318. 

Prosopis elegans Smith, New Soxfth Wales. Previously known from 
Adelaide. It is allied to P, Sydney ana CklL, but larger, length about 9 mm. 
(?). 

Prosopis rotundiceps Smith. New South Wales; both sexes. Pre¬ 
viously only known in the 9, from Melbourne. The male, except for its 
larger size, agrees with the insect described as the 9 of P. metallica Smith. 
The clypeus is yellow with the lower edge black, and the large semilunar 
lateral marks reach the level of the antennae. There is no supraclypeal 
mark. The sides of the scutellum and postscutellum are black. The ven- 
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tral surface of the abdomen is without tubercles. The female has a small 
supraclypeal mark, not mentioned by Smith. Judging by the description, 
I cannot help suspecting that P. obittsaia, Smith, is a variety of rotundioeps, 
Proaopis alcyonea Erichs. New South Wales; both sexes. By the 
structure of the third abdominal segment in the male, this species, with P. 
bidentata, Smith, and P. bituberculata, Smith, form a little group. Erichson 
described only the female of P. alcyonea. 
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Article XI.— TERTIARY MAMMAL HORIZONS OF NORTH 

AMERICA. 

Abstract of a Preliminar if Stwhj} 

By Henry Faireiet.i) Osborn. 

It appears wise to jiublisli a preliminary' outline' of a fuller discussion of 
this subject, 'riiis outline is accompanied by some geological observations 
on the section between northwestern Nebraska and the Black Hills, and 
by preliminary Flocene-Ph'istocene correlations (Figs. 1-3). 

Th(' chief authorities are: 

Osborn, Correlation Ra[)(‘rs (1S1M)-19()0).“ 

Matthew, Classification of the Fn'shwater Tertiary (1S99).^ 

Deperet, 1/evolution d(*s ]\Iammiferes tertiaires (1905).'* 

Among earlier contributors are Hayden, Leidy, ]\Iarsh, Cope, King, 
Scott, and Osborn; among more recent contributors are Fenll, ^Merrill, 
Mattlu'W, Hatcher, Wortrnaii, Darton, .1. C. ^Merriam, Peterson, Douglass, 
Gidley, (irangcr, Sinclair, lioomis. Full ac'knowlcdgnicnts will be made 
in the final paper. Chief acknowledgnuMit is due here to Messrs. Matthew 
and Granger. 


1. EOCENE (’OUKELVTET) SECTIONS. 

"]1i('accompanying Eocene correlation (Fig. J), chiefly the work of the 
writm*, with tlu* assistance of Mr. Walter (franger, is cxj)lain(‘d as follows: 

(1) 'i'lic combination of various Eoccik' s(‘ctlons by Hayden, AVhec'ler, 
Cop(', King, AVortman, .Matthew, (Jrangt*r, V(‘atch, Osborn, in the Rocky 
^lountain basins gives us a total thickness of 7200 fV'et. (2) '^Fhe only 
section based on a <*ar(*ful survey is the Bridger; the Hridger deposits pi'ove 
to be largely wind- and })ai't1y ^^ater-bo^ne \olcanic materials (Sinclair), 
and this is probably true of other Eocene de})osits. (3) The formation 
rianu'S are all geographical. (I) The chrt)nological correlation of the 
sections is entirely faimistic or b:ised upon our pn'sent knowledge of the 


H)nginal]y prepared as an address beloie the Intcnnatioiial (Jeological Congress, City of 
Mexico, 1906 (not delivered). Abstract ineseiited before the National Academy of Sciences, 
Boston, Thursilay, November 22, 1906, also before the Society of Paheontologists, New York, 
December 27, 1906. To be published in full in the Bulletin of the U. S. Geological Survey. 

2 Ann. N. Y. Acad. Sci., Vol. XIII, 1900, pp. 1-72. 

3 Bull. Amei. Mus N.d. Hist., Vol. XII, 1899, pp. 19- 77. 

<Comptes rendius, Acad. Sci. Pans, 1905-1906. 
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existing stratigraphic position of characteristic mammals; to these faunal 
levels in different formations the faunistic names Polymastodon Panto- 
lambda, Coryphodon Beds, ct(*., some new, some already in use, are 
applied. (5) The sections and correlations are to be considered as of a 
preliminary and provisional chara<;ter. 

2. OLIGOCENE AND LOWER MIOCENE. 

Geological Notes by the Writer (1906), South Dakota and Northwest 

Nebraska, 

Fig. 2 is a graphic interpretation of the wonderful deposits of the Big 
Bad Lands, and represents an idealized view looking southeast from the 
Cheyenne River (South Dakota), over the rising levels of the Oligocenc, 
beyond and across the White river, through the I^ower Miocene, to the sum¬ 
mit of Porcupine Butte, a conspicuous land mark which caps the Tipper 
Rosebud on Porcupine Creek, a southern tributary of the Wliite Riv(‘r. 

The present interpretation^ of this continuous Oligoeene and I^ower 
Miocene section is to divide the deposits into two contemporaneous series, 
namely: (1) River and channel deposits, (2) overflow finer deposits, as 
follows: 

A. Riv(*r 101(1 channel deposits: B. Overflow deposits: fine 
sandstones and conglomerates. sandstones, clays, volcanic 

ash. 

Lower Miocene Goring Sands and Conglomerates. Rosebud. 

Upper Oligoeene Protoceras Sandstones. Leptauchenia, or upper Brul6. 

Middle Oligoeene M( tarnynodon Sandstones. Oreodon or Low^er Bnil6. 

Lower Oligoeene Titanotherium Sandstones. Chadron Formation. 

These old river chaimels vary from some hundreds of feet to more than a 
mile in width. 

3. Volcanic ash layers occur exten.sively in the Alountain basin deposits 
and as thinner layers in many of tlie Plains deposits. 

1 This interproiation lepreseiits the thought of several observers, especially of MattheWt 
Hatcher, Scott and Osborn. 
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0LIG0CENE& LOWER MIOCENE. 

N. NEBRASKA & S. DAKOTA. 
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Fig. 2. Idealizedjbirds-eye view of the great Badlands of South Dakota, looking south¬ 
east across the Cheyenne and White Rivers to Porcupine Butte, on Porcupine Creek, Pine 
Ridge Reservation, South Dakota. 

Ancient river channels, Titanotherium Sandstones, Metamynodon Sandstones, Protoceras 
Sandstones, river channel conglomerates. 

Clays and sandstones of the Titanotherium region, Leptauchenia and Rosebud beds. 
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EOCENE. 


I. First faunal phase, rasal eocene. Archaic mesozoic mammals 

WITH PARTLY SOUTH AMERICAN, PARTLY EUROPEAN AFFINITIES. 


POS1T7^ETACEOUS OR BASAL EOCENE. 

1. Puerco Formation. Polymastodon Beds. 

Homotaxis. North Amerk a: Piktco Formation (500 feet) San Juan 
Basin, New Mexico; a jiortion of the Fort Union Formation, Montana. 
S. America: A eonteniyiorarv or previous (Octaceous) land connection 
with SoutJi America is indicated by similar mammals occurring in the 
Notostylops Beds,^ Up{)cr Cretaceous or Basal Eocene of Patagonia. 


Summary: 


Archaic Triassic inainmals 

4 genera 

6 species 

“ Cretaceous “ 

15 ' “ 

30 “ 

Modernized or distinctively 

19 genera 

36 species 

Tertiary inainrnals 

00 “ 

00 “ 


I':TA(4E tiianetien, 
posT(Mu:TA(ni:()irs or basal eocene. 

2. Torrejon Formation. Pantolambda Beds. 

IIoMOTAXis. North America: Torrejon Formation (300 feet), contin¬ 
uous with Puerco Formation, San Juan Basin, northwest New Mexico; 
a portion of the Fort LTnion Formation, JMontana (Douglass,^ Farr). 
Europe: Than^'tien or CVrnaysien. 

Ilomotaxis with Europe is indicated by the common presence in France 
and North America of similar stages of Plagiaulacidse, Arctocyonidse, 
Mesonychida?, (?) Triisodontidie. Other identifications are very uncertain. 


J Closer comparison of Die Puerco and Notostylops faunoi is very desirable. It appears 
probable that the affinities will prove to be very close. 

2 Douglass, Earl. ‘A Cretaceous and T.ower Tertiary Section in South Central Montana.' 
Proc. Airier. Phil. Soc., \ol. XLI, No. 170, pp. 207-224. Also ‘New Vertebrates from the 
Montana Tertiary’. Ann. Carnegie Museum, Vol. II, No. 2, 1903, pp. 146-200. 
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Archaic Triassic stock 
Cretaceous “ 


Summary: 


4 genera 
21 


5 species 
45 


Total 

Modernized Tertiary stock 


25 genera 50 species 

1 genus 1 “ 


IT. Second faunal phase, lower eocene. First modernization, 
INVASION of the ARCHAIC BY THE MODERN FAUNA. SoUTII AMERI¬ 
CAN LAND CONNECTION INTERRUPTED. ClOSE FAUNAL CONNECTION 
WITH WESTERN EUROPE. INITIAL ELIMINATION OF THE ARCHAIC 
FAUNA IN COMPETITION WITH THE MODERN. 

ETAGES SPARNACIEN, YPRESIEN. 

I.OWER ecxienp:. 

3. Wasatch Formation. Coryphodon Beds. 

IIoMOTAXis, North Amkric’A: Wasatcli Formation, in part (1750 
feet), Evanston, western Wyoming, the typical horizon; San Juan (Forma¬ 
tion) basin of northern New IMexico (1500 feet); in the Big Horn (Forma¬ 
tion) basin of northern Wyoming (2r)(X) feet); in the lower portion of the 
Huerfano Formation near Spanish Peaks, Colorado. S. America: No 
South .\meriean affinities are known. Europe: Strong affinities with the 
Etage Suessonien, or Etage Sparnaeien and Etage Ypr6sien (Tx>ndinien) of 
France arc found in the evolution of the archaic and in the migrations of the 
modern mammalia of this ])eriod. 

Summary: 

Triassic mammals (K) genera 00 species 

Other archaic mammals 23 “ 51 “ 

Modernized mammals 18 ‘‘ 47 ** 

III. Third faunal phase, lower to upper eocene. Absence of 

FRESH EURASIATIC OR NORTHERN MIGRATION. CONTINUATION 

OF SIMILAR ENVIRONMENTAL CONDITIONS. 1)?:SCEN HANTS OF 
raE ARCHAIC AND MODERNIZED MAMMALS SLOWLY EVOLVING AND 
COMPETING WITH EACH OTHER DURING THE LOWER AND MIDDLE 

EOCENE. Gradual elimination of the archaic mammals. 
Gradual divergence from the fauna of western europe, 

AND LITTLE EVIDENCE OF FAUNAL INTERCHANGE. ESTABLISHMENT 
OF NORTH AMERICAN UNGULATA-ARTTODACTYLA. 


JMarcA 1907 .} 


16 
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LOWER EOCENE. 

4 . Wind River Formation. Lambdotherium and Bathyopsis Beds.^ 

Homotaxis. North America: Wind River Formation of Wyoming 
(1200-1400 feet); Lower Huerfano Formation of Colorado, in part (300 
feet). Europe: provisional homotaxis, Lower Wind River =Ypr6sien 
of France, in part. Upper Wind River=Lutetien irif^rieur of France. 

The balance is now for the first time in favor of the modernized mam¬ 
mals, as shown in the following suininarv: 

Archaic or Cretaceous mammals 11 genera 22 species 

Modernized or Teitiary “ 18 30 


Preliminary Fannal Divisiom, 

Lower Wind River^ A, 500 feet, Red B(‘ds, Lambdotherium Beds. Con¬ 
taining Corypliodon, Phenaeodiis, Eohippiis, Lambdotherium Bathyopsis, etc. 

Upper Wind liiver^ B, (SOO feet, Eotitanops Beds. Containing Corypho~ 
doUy PlwiiacoduSy also Eotitanops, gen. nov. (“ Palwosyops”) borealis. This 
stage approximates tlie Liitetien inferieur of Fraru'e (Argenton, older 
Lissieu, older Egerkingcn) and Bracklesluim of England. 

ETAGES LUTETIEN SUPERIEUR, BARTONIEN, 


MIDDLE EOCENE. 


5. Bridge! Formation. Orohippiis Beds. Uintatherium Beds. 

Homotaxis. North America: Bridger Formation of western Wyoming 
(1800 feet), Tx)wer Washakie Formation (250 feet) of Wyoming in part; 
Upper Huerfano Formation of Colorado, in part; Lower Uinta Formation 
of n. Utah (1150 feet), in part. Europe: provisional hornotaxis, Lower 
Bridger ==Lutetien suj){!»rieur. Calcaire grossier of Paris, Issel, of France. 
Buchsweiler. Later fissure deposits of Lissieu and Egerkingen. Upper 
Bridger=Bartonien (Calcaire de Saint Ouen, Gr^,s de Cess^ras) in part. 

Fauna. The whole vertebrate fauna, reptilian and mammalian, of 
this period is the most completely known of that of any of the Eocene phases. 
The mammalian summary is as follows: 


1 Professor F. B Loomis has recently (Dec. 1906) completed an accurate section of the 
Wasatch (Big Horn) and Wind River formations, whicn wUi be available for the final report. 
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Archaic Cretaceous mammals 15 genera 35 species 

Modernized Tertiary “ 57 “ 146 “ 

72 181 

6. Washakie Formation. Uintatherium Beds, Eobasileus^ Beds. 

Homotaxis. North America: Lower Washakie Formation of E. Wyo¬ 
ming, equivalent to the Upper Bridger Formation and Lower Uinta Forma¬ 
tion. Upper Washakie Formation, equivalent to Middle Uinta Formation. 
Europe: Bartonien of France. 

The mammalian fauna of this stage, which has long been recognized 
(Osborn, 1880) as in general intermediate between the Bridger and Uinta, 
is sparsely known. The American Museum expedition (Osborn, Granger, 
190G), has very precisely fixed its age as follows: 

Faunal Divisions, 

B. Upper Washakie. Eobasileus Beds. 

Grey and Green Beds (250 feet), Haystack Mountain, containing 
Loxolophodon, ^Tinoceras, Dolichorhinns cornutus, Perissodactyla-Amyno- 
dontida', Artiodactyla-Elotheriuhe. 

A. Lower Washakie. Uintatherium Beds. 

Brown Beds, (250 feet). Containing Uintatherium, Among Peris- 
sodactyla, ''Tclmntheriuni' megarhinum. Equivalent to Upper Bridger: 
C, D, E. 

FTAGES bartonien, in part, LUDIEN (LIGURIEN), 

IN part, 

UPPER EOCENE AND LOWER OLIGOCENE. 

7. Uinta Formation. Uintatherium Beds, Eobasileus Beds, 

Diplacodon Beds. 

Homotaxis. North America: Lower Uinta Formation (800 feet), 
equivalent to Upper Bridger Formation and IxDwer Washakie Formation; 
Middle Uinta Formation (350 feet), equivalent to Upper Washakie Forma- 

> The name Loxolophodon commonly applied by Cope and others to the Dinocerata of this 
stage is preoccupied for a Wasatch Coryphodont, Loxolophodon semicinctue Cope. Tinocerat 
is equally inapplicable because first applied to a Bridger Ulntatliere 
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tion. True or Upper Uinta Formation (GOO feet), closely approaching if not 
equivalent to the lowermost levels of the White River Oligoeene. Europe: 
homotaxis is now very diflicult owing to the absolute dissimilarity of the 
European and North American fauiifp in these stages. It is very important 
to note: (1) that in the Bartonien of France, which is reckoned as Upper 
Eocene but not the highest stage, there a])])ear the families Artiodactyla- 
Anthraeotheriida? and Ferissodactyla-rjialicotheriidfie; (2) that in the 
Ludien, which is reckoned as uppermost Eocene, there appear the families 
IVIarsupialia-Didelphyida', and Rodentia-Sciurida\ All these four families 
arc not known to occur in North Amenca until the Lower Oligoeene Plains 
Formation. 

Its mammalian fauna is s{)ars(‘ly known, as follows: 

Archaic Cretaceous maininals 4 genera 5 species 

Modern or Tertiary maininals 25 37 

Provimtval Faunal Ij'vch. 

Upper Uinta,^ C, 600 feet. Diplacodon Beds. 

Distinguished by absence of Dinocerata. IVesence of Oanidie. 

Middle Uinta, B, 350 feet, Kobasilcus Beds. 

(containing VDinocerata, Loxolophodon, and especially Dolichorhinus 
comutuft, Oeodonta-Mcsonychida.' (last appearance). Equiva¬ 
lent to Upper Washakie, H. 

IjOwerJiJinta, A, 800 feet, Brown Beds. ?Uintatheriurn Beds. 

?Equivalent to lTpi>er Bridger, C, 1), and to Lower Washakie, A. 

Faunislic JSefjaration from EurojK' in beginning of the> Upper Eocene. 




Families 



Families 

common to 

Families 


Peculiar to 

W. Europe and 

Peculiar to 


Euiope 

N. America 

N. America. 

Arnblypoda 



1 

Iiisectivora 

? 

? 

1 

Creodonta 


1 

2 

Primates 

2 

0 

2 

Rodeiitia 

1 

0 

1 

Carnivora 

0 

1 

0 

Artiodactyla 

6 

0 

4 

Perissodactyla 

1 

2 

3 

Cheiroptera 

1 

? 

? 


11 

4 

13 


Thus in the Mountain Region Upper Fiocene there are only 4 to 5 families 
in common with Europe, in a total of 28-30 families, whereas in the Oligo- 
cene Mountain, and, Plains regions (see p. 245) there are 21 families in 
common with Eiirojie in a total of 48 families. 


* Prof. Scott suggests that C, or Upper Uinta, should he placed in the Lower Oligoeene. 
Peterson did not observe any non conformity between C and B. 
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OLIGOCENE. 

IV. The fourth mammalian phase, lower oligocene. Second 

MODERNIZATION. FiRST KNOWLEDGE OF THE GREAT PLAINS FAUNA. 

Absence of all archaic mammals except HYJSNODONTiDiE. 
KeEsTABLISIIMENT of faunal resemblance with western EUROPE. 


North America .— A second modernization, as remarkable as the first 
or Wasatcli modernization, is shown by the first appearance of 16 families 
of mammals which have not as yet been recognized certainly in the Moun¬ 
tain Eocene Basins, namely: 6 existing families of Rodents, 4 existing 
families of Carnivora, 4 existing families of Insectivora, 1 existing family of 
Perissodactyla, 1 now extinct European family of Artiodactyla. 

Europe ,— A very similar modernization occurred in western Europe.^ 
In the Ludien (== Lower Oligocene Lapparent, = Uppermost Eocene 
Dep^ret), Sannoisien and Stampien (= Lower Oligocene), 17 modern or 
still existing families appear for the first time which have not been found in 
earlier geological stages. Of these new families G appeared simultaneously 
in North America. 


Edentata 

W. European fanii- 
ln\s not iound in 
North Arnerieun 
Oligocene. 

1 

Families common to 
W. Europe and N. 
America by con¬ 
temporaneous 
or previous 
migration. 

0 

N. American Fami¬ 
lies not found in 
W. European 
Oligocene. 

0 

Rodent ia 

5 

4 

3 

Insectivora 

1 

3 

2 

Creodonta 

0 

1 

0 

Marsupialia 

0 

1 

0 

Carnivora 

3 (sub. fam.) 3 

1 

Artiodactyla 

5 

2 

4 

Perissodactyla 

1 

7* 

1 


16 

21 

11 


Thus: (1) The faunal community with western Europe becomes much 
closer than in the Upper Eocene (see p. 244). (2) The strongest community 

is among the Perissodactyla. («3) The least community is among the 
Artiodactyla. 


' This generalization is based upon the faunal lists of Dep€ret (op. cit., 1005). 
2 The Titanotheriid®, found in central Europe, are included in this figure. 
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i^TAGE SANK01 SIEN {TONGRIEM INFERIEUR). 

LOWER OLIGOCENE. 

8. Ghadron Formation. Titanotherium Beds. 

Homotaxis. North America: Horizon A of Hayden and Leidy; 
Lower White River group, Chadron Formation (200 feet) (Darton); Tit¬ 
anotherium Beds (Hayden) of South Dakota and western Nebraska; 
Horsetail Creek Formation (Matthew) of northeast Colorado. Pipestone 
Creek Formation (Douglass) of Montana. Swift Current Creek, Cypress 
Hills, of British Columbia, etc. Europe, provisional homotaxis: Ludien, 
in part; Sannoisien (Tongrien Tnf^r.); Stampien (Tongrien Sup^r). 

ETAGE stampien (TONGRIEN SUPERIEUR). 

MIDDLE OLIGOCENE, FIRST PHASE. 

9. Lower Brul^ Clays (Darton). Oreodon Beds, and Metamynodon 

Sandstones. 

Homotaxts. North America: Horizons B and C of Haythui and 
Leidy; Lower Brul6 Clays (Darton), Metamynodon Sandstones (Wort- 
man);^ with wides])read similar exposures in northeast Colorado, Cedar 
Creek Beds, Matthew; in southeast Wyoming; in South Dakota; in north- 
wCwSt Nebraska. Europe. Approximate homotaxis with the Stampien or 
Oligoc^ne Moyen of Euro[)e is indicated by similar stages in the evolu¬ 
tion of Artiodactyla-Anthracotheriida; (Hyopotamus), of Perissodactyla- 
Amynodontidac (e, y, MrtamynodoHy Cadurcotheriiim)^ -Tapiridae, -Rhino- 
cerotidae, -Chalicotheriiihe. Also by the disappearance in both countries 
of Perissodactyla-Amynodontidie, Crcodonta-Hyienodontidie. 

MIDDLE OLIGOCENE, SECOND PHASE. 

10. Upper Bruld Clays. Leptauchenia Beds, and Protoceras Sandstones. 

Homotaxis. North America: Upper White River Formation of South 
Dakota, Horizon C of the Hayden and I^eidy Section; Brul6 Clays (Up¬ 
per part) Darton, 1897. Leptauchenia Beds (Wortinan), and Protoceras 
Sandstones (Wortman). The sandstones contain the forest and fluviatile 

1 Wortman, J. L. On the divisions of the Wliite River or Lower Miocene of Dakota. Bull. 
Amer. Mus. Nat. Hist., Vol. V, 1893, pp. 95-105. 
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fauna, the Leptauchenia Clays contain the plains fauna. Lower part of 
Canon Formation (Matthew) of northeast Colorado. White Buttes 
(Martin) of North Dakota. Lower John Day Formation of Oregon 
(250-300 feet, tuffs). 


Hit AGE AQUITANIEN. 

1. UPPER OLIGOCENE, FIRST PHASE. 

Middle John Day Formation. Diceratherium Beds. 

Homotaxis. America: Middle John Day Fonnation of Oregon (Di¬ 
ceratherium Beds Wortman), 500 to 1000 feet, typical mountain fauna. 
Europe: Aquitanien. Homotaxis with the Aquitanien of France, typified 
by the Saint G^Tand-le-Puy (Allier, France) fauna, is close, as indicated by 
similar stages in the evolution of Perissodactyla-Tapiridse, -Diccrathcriinse, 
-Aceratheriina*, -Chalicotheriidfle, and other families. 

Notes as to Transitional Upper Oligocenk and Lower Miocene 

Formations. 

1. The Upper John Day Fonnation or ProineiyThochoerus Beds of the 
Mountain Region of Oregon, and the Gering and Arikaree Formations 
(Darton) or Rosebud Formations (Matthew) of the Plains Region, northern 
Nebraska, may be regarded as traiusitional between the Oligocene and 
Miocene as these divisions are employed in France.^ By analogy with 
Europe the older fauna of these beds is slightly subsequent to that of Saint- 
G6rand-le-Puy, that is. Upper Oligocene or Aquitanien, which, it is true, 
several authorities place in the I^wer Miocene. The upper John Day of 
the Mountain Region is somewhat older than the Lower Rosebud of the 
Plains although both contain Promerycocharus. 

2. Recent explorations in the upper portion of the Harrison beds (Agate 
Spring Quarry, Peterson^) reveal a fauna which partly resembles that of the 
Upper Oligocene of France; at the same time it contains Amphicyon, a 
characteristic Miocene form. Until more exact comparisons can be made 
this fauna should be considered transitional from the Oligocene to the 
Lower Miocene inclusive. 

1 Careful comparison of Steneofiher and other forms leads Matthew to the opinion that the 
Upper John Day is of slightly more recent age than St. G6rand-le-Puy. 

a “From these discoveries it appears that the Miocene section from the Oligocene to the top 
of the Nebraska Beds, in this general locality, may perhaps have to be regarded as Lower 
Miocene.*' Peterson, “The Agate Spring Fossil Quarry,” 1906, p. 491. 



PROVISIONAL Correlation of the upper tertiary 

w 0 Matthew-H F.Osborn - November: 1906. 
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MIOCENE. 

RTAGES AQVITANIEN, LANGIIIEN. 

TRANSITION: UPPER OLIGOCENE AND LOWER MIOCENE, 

Arikaree Formation. Promerycochmrus Beds. 

Homotaxis. Amkrica: Eautaer Phase. Mountain Region, Upper 
John Day Formation of Oregon, Promerycochccrus Beds, Wortman, 300- 
400 feet oT tuffs. 

Later Phase. Great Plains, Horizon D, of Hayden and Leidy. Ger- 
ing Formation (Darton, 1897), (= Tx)wer levels, local, 200 feet). Arikaree 
Formation (Darton) (= Middle and Upper levels, 800 feet). Monroe Creek 
Formation (== lower Arikaree) and Harrison Formation (= upper Arikaree, 
Hatcher) of northwestc^rn Nebraska and southwestern Wyoming. Rosebud 
Formation (IMatthew) of southern South Dakota, Martin Canon (upper 
levels) of northeastern Colorado (Matthew). Fort lA)gan Formation (or 
Low(‘r Deep River) of Montana. Canon Ferry Formation (Douglass) of 
Montana. 


V. Fifth faunal phase. Fresh mkuiations via eurasia. " First 
ai*i*earan(:e of African pkoroscidka, of true felin.® among 
the FELIDAi:, OF STTORT-LIMBEI) TKLEO(’ERINiE AMONG RHTNOCERO- 
TOIDEA, OF CEUVID.E, ANIMALS OC(’lJRRING IN THE LOWER MIOCENE 
OF EUROPE. P]\TDKNCE OF INC REASING SUMMER DROUGHTS. 


ETAGES LANGlllEN, UELVETIEN. 

MIDDLE MIOCENE OR LOWER AND MIDDLE MIOCENE. 

Upper Deep River Formation. Ticholeptus Beds. 

Homotaxis. America: Central Plains. Horizon E of Hayden and 
Leidy, ‘Pawnee Creek^ Formation (Matthew) of northeastern Colorado, 75 
feet; immediately overlying the Harrison beds. ?PanhandIc Formation 
Gidley) of northwestern Texas. Northern Plains, Upper Deep River 
Formation (Smith Creek) or Ticholeptus Beds of Montana; Flint Creek 
Beds (150 feet) of Montana; Laramie Peak of Wyoming. Mountain 
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Region, Mascall Formation (1,000 feet) capping the Columbia lava (1000 
feet) which in turn overlies the Upper John Day Formation (lower part). 
The Colorado (Matthew) and Montana (Scott, Douglass) fauna is closely 
similar. 


flTAGE TORTONIEN. 

UPPER MIOCENE. 

Loup Fork Formation. Protohippus Beds. 

Homotaxis. North America: Plains Region. The t} 7 )ical Loup 
Fork (of Hayden) of South Dakota and northwestern Nebraska, near Ft. 
Niobrara (100 feel) renamed ‘Nebraska Formation’ by Scott to distinguish 
it from other levels; Ogallala Formation (in part) Darton of Nebraska and 
South Dakota; Santa Fe Marls of New Mexico; Clarendon Beds (Cum¬ 
mins) Llano Estaeado, northwestern Texas (75 feet). Northern Piains, 
Madison Valley Beds, Montana (120 feet). Europe: Tortonien, Grive-St.- 
Alban (Isfere), Stcinheim (Wiirt,.). The Loup Fork mammals, although 
including Hipparioii^ are not quite so modernized as those of Eppelsheim 
and Pikermi which we regard as lower Pliocene. 


PLIOCENE. 

ETAGES MKSSINIEN, PLAISANCIEN. 

Homotaxis. Pliocene homotaxis must be prefaced by the statement 
that the fauna is very spars(*Jy and imperfectly known as yet, and that cor¬ 
relations with Europe arc very provisional. The gaps will undoubtedly 
be filled in eventually. 

An early phase, which may be termed the ‘Republican River Formation,’ 
is provisionally and subject to further ex})loration distinguishable (Matthew) 
from the typical Loup Fork of Hayden, and presents certain parallels with 
the Lower Pliocene of Europe, if not of more recent age. It is with difficulty 
distinguishable from the I^oup Fork, whereas it is widely separate from a 
second and much later ])hase, represented by the Blanco Beds of north¬ 
western Texas, which is much more recent in its fauna. 
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LOWER PLIOCENE OR FIRST PHASE. 

Republican River Formation. Peraceras Beds. 

Homotaxis. America: Republican River Beds or "'Upper'' Loup Fork 
{100 feet); of northwestern Kansas Ogallala Formation (in part) Darton, 
of northern Nebraska; Archer Formation of Florida, in part, Rattlesnake 
Formation, John Day Valley, Oregon. Europe: Messinien, Eppelsheim 
in northern Europe; Pikermi in Greece. Mt. L6beron (Vaucluse). 


VI. Sixth faunal phase, i.and connection with south America 

REESTABLISHED. INVASION OF SOUTH AMERICAN EDENTATA-GRAVI- 
GRADA AND -GYT.PTODONTIA. MIGRATION OF NORTH AMERICAN MAM¬ 
MALS TO SOUTH AMERICA. 

The Blanco formation of Texas is decidedly distinct and more recent 
than the typical Loup Fork, the Republican River, or the Rattlesnake. 

£TAGE ASTJEN. 

MIDDLE PLIOCENE OR SEt^OND PHASE. 

Blanco Formation. Glyptotherium Beds. 

Homotaxis. North America: Plains Fauna, Blanco Formation 
(Cummins and Cope) 100 feet, Llano Estacado of Texas; Ogallala For¬ 
mation (Darton) northwestern Nebraska (300 feet). Mountain Fauna, 
Rattlesnake P'ormation, John Day, Oregon (200 feet). 

£tage sic 1 lien. 

UPPER PLIOCENE OR THIRD PHASE, unrkcognjzed. 

Elephas Beds? 

In Europe the Uppermost Pliocene is distinguished by the disappearance 
•of Hipparion and the advent of Equm {E. stenonis), also of Elephas (E. 
meridwnalis). 

This phase has not been recognized in America. It is probable, however, 
that certain levels in Texas, Nebraska and elsewhere, now classed as I^wer 



252 


Bulletin American Museum of Natural History, [VoL XXIII^ 


Pleistocene, and contaitiiag Elephas ituperator (an animal analogous to E, 
meridionalis), as well as Equus will prove to represent the American Upper 
Pliocene. 


VII. SEVENTfT FAUNAL PHASE, PLETSTO(’ENE. INCREASING COLD, MOIS- 
TURE, AND FORESTATION. ThIRD AIODERNIZATION BY A GRADUAL 

eurasiatk; invasion of hardv, forest, fluviatile, mountain 
(alpine), plains, and BARREN-(iHOUND FAUNA. GRADUAL EX¬ 
TINCTION OF THE T.ARGElt UNCU LATA, OF THE NATIVE NORTH 
AMERICAN STOCKS, OF THE SOUTH AMERICAN INVADING STO(JKS, OF 
THE MIOCENE INVADING EURASIATIC AND AFRK^AN STOCKS. 

PLEISTOCENE. 

LOWER PT;EIST()CENE. PRE-OLAdAL. 

Our knowledge of the mammals in this jieriod is still confined to the 
Western Plains and ^Mountains. 

Sheridan Formation. Equus Beds. 

Homotaxis. North Amerk’a: Plains and forest border fauna, Sheridan 
Formation (Sc‘ott) or Equus Beds^ Hay Springs, of northwestc'rn Nebraska; 
Rock Creek Formation (Gidlev) of Tide Canon, Llano Estacado, Texas. 
Widely scattered and numerous deposits in (rreat Plains and Mountain 
Regions. Europe* Preglaeial. Forest Beds of Norfolk (England); St. 
Prest (Eure-et-Loir); Durfort (Card), containing Elephas mcrldhnalw 
(last appearanc*e). The Euroja^an fauna of this period include^ (Osborn, 
1900): 12 Pliocene species, 32 Pleistocene species and races, now extinct, 
17 living species, (7 Insectivora, 1 Cheiropt(^ra). 


EARLY PHASES OF THE MIDDl.E PLEISTOCENE. 

In the early or Ghn’ial phases Cermis does not appear. The Camel idee,. 
Equidee, Tapiridie, Edentata-Gravigrada and Elephantidie still survive. 
Extinct species of modern genera appear and many modern species appear. 

The earlie.st phase, corresponding with the earliest mid-Pleistocene of 
Europe, is probably at present unrecognized in America. 
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LATE PHASES OF THE MIDDLE PLEISTOCENE. 

Homotaxis. America: Potter Creek Cave, Shasta County, California 
Silver Lake, Oregon. 

Environmental conditions on the Pacific coast were different from those 
in the Middle and Eastern States: (1) All glaciation on the Pacific Coast 
was comparatively late in the Pleistocene and of the Alpine type (Sinclair). 
(2) It is quite possible therefore that many tyj^es of mammals (elephants, 
mastodons, camels, bisons) survived in the comparatively mild climate of 
the Pacific coast after they had become extinct in more easterly regions 
(Sinclair). 

1. Potter Creek Cave. The very rich Potter Creek Cave fauna^ is 
regarded by Mcrriarn and Sinclair^ as a late phase of the Middle Pleistocene, 
even as late as the last quarter of the Pleistocene. It contains 5 extinct 
genera and 52 species of which 21 are extinct and 21 are still existing. It 
is chiefly a forest fauna; forest types arc numerous and plains types are 
lacking. 


LATE PHASE OF MIDDLE PLEISTOCENE. 

Homotaxis. America: Port Kennedy Cave, Chester County, Pennsyl¬ 
vania. 

The Port Kennedy Cave^ contains 66 species, including 40 extinct species 
(fide Cope, Mer(’er). 


1 Sinchur, Wni J. A Preliminary Account of the Exploration of the Potter Creek Cave. 
Shasta County, California Science, N. S., Vol. xvu. No. 4.35, May 1, 190:i, pp. 708-712. 

2‘The Exiiloration of the Potter Creek Cave.’ Univ. of California Publications, Vol. II, No. 
1, 1904. 

a Mercer, II. C. ‘The Bono Cave at Port Kennedy, Pennsylvania.’ Jour. Acad. Nat. Sci 
Phila., Vol. XI, Pt. 2, 1899. 
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Article Xn.—A MOUNTED SKELETON OF THE COLUMBIAN 
MAMMOTH {ELEPIIA8 COLUMBI). 

By Henry Fairfield Osborn. 

The skeleton which is the subject of this brief notice was found near 
Jonesboro, Ind., in 1903. It was jmrehased for the Museum August, 1904, 



Fig. 1. The Columbian Mammoth {EUphas columbi), 
256 
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from Dora S. Gift and others. The skeleton was imbedded in a muck 
deposit of late Pleistocene age, fifteen feet below the surface. 

The whole upper portion of the skeleton was complete and intact, includ¬ 
ing the remarkably incurved tusks, which were preserved for their entire 
length although requiring surface restoration and thorough soaking, and 
reinforcing with an internal steel rod in plaster to prevent them from crumb¬ 
ling away. Vigorous efforts were made to find the missing lower bones of 
the limb and the feet but without success. The missing parts are, radius 
and ulna of both sides, the right tibia and fibula, the fore and hind feet. 
Thanks to the kind cooperation of Dr. Marcellin Boule of the Museum of 
Palaeontology, Paris, casts were secured of the lower portions of the limbs 
and of the feet of tlie great skeleton of Ehphas meridioimlw in the Paris 
Museum. On arrival in the American Museum these were remodeled, 
recourse being had for comparison to remains of the feet and limbs of 
ElepJms imperator. All this work of restoring and remodeling was done by 
Mr. O. Falkenbach under the direction of Mr. Adam Hermann. Mr. 
Hermann himself restored the missing surfaces of the upper parts of the 
skeleton, which was, however, in exceptionally complete Condition. 

The animal is represented with uplifted head and as if just starting to 
walk. For the pose of the skeleton the cooperation of the Director of the 
Zoological Park was secured, and the trucks of the Indian elephant slowly 
walking over a sandy surface fifty feet long were carefully plotted by the 
park engineer IVIr. Beerbower. Through this means it is believed that the 
fore and hind feet are correctly placed. Air. Hermann also made a special 
study of the position of the bones of all parts in the living elephant. Valu¬ 
able suggestions were also made by Dr. W. 1). Matthew and Mr. F. A. 
Lucas. The result of all this work is a mount which is believed to be true 
to life. 

The size of the animal is indicated by the following comparisons with 
the great E/ephas meridional Is of the Paris Aluseum: 

E. meridionalis 
Pans Museum 

E, columbi (Measurements fi^iven 

Amer. Museum by Gaudry). 

Length, incurved tip of tusks to 

vertical line of tail . . 17 ft. in. (5.43 M.) 22 ft. 3^ in. (6.8 M.) » 

Length, base of tusks to vertical 

line of tail . . . . 13 ft. 3i in. (4.05 M.) 14 ft. 71 in. (5.45 M.) 

Height at withers (to top of 

scapula) .... 10 ft. 6 in. (3.20 M.) 12 ft. 6J in. (3.83 M.)* 

Length of femur . . . 4 ft. IJ in. (1.25 M.) 4 ft. 5i in. (1.36 M.) 

Length of right tusk (outside 

curve).11 ft. 4i in. (3.47 M.) 

1 The tusks point forward, thus making this dimension much greater than in the American 
specimen. 

a Measurement to top of dorsal spine (?). The spines may be too high with reference to the 
scapula. 
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The most striking features of this animal are the following: 

1. The complete incurvature and crossing of the tusks. 

2. The unusually small size of the skull. 

3. The abbreviation of the back and body in contrast with the vertical 
elongation of the limbs. 

Fuller details will be given in a forthcoming review by the present writer 
on the extinct elephants of North America. 


[March, 1907.1 


17 
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Jkrtade XIH.— POINTS OF THE SKELETON OF THE 
ARAB HORSE. 


By Henry Fairfield Osborn. 

The blood of the so-called Arab horse, which Ridgway believes to be 
of very remote North African or Libyan origin, is very widely diffused, not 



Fig. 1. Skeleton of the Arab Horse 'Nimr'. 


only among the thoroughbreds but among the finely bred horses of different 
types in all parts of the world. Many so-called Arabs are what the Arabians 
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themselves would call *sons of horses/ that is, half Arab and half ordinary 
or northern blood. 

The American Museum of Natural History has acquired the skeleton 
of *Nimr,’ a gift from Mr. Randolph Huntington of Oyster Bay, L. I. 
(February, 1904). This animal was sired by the desert bred ‘Kismet,' 
a 'famous race horse, and it has a very direct pedigree and history. It is 
probably as pure an example as can be found of the modern Arab, somewhat 
enlarged and modified by favorable western environment and abundant 
food. It has been mounted with consummate skill by Mr. S. H. Chubb for 
the Museum collection showing the evolution of the horse. The following 


Fig. 2. ‘Nimr’ 

notes on the skeleton of this animal are published with the hope of securing 
additional observations. 

In the Arab both head and tail are carried ‘high' when animated, and 
in this skeleton all the Arab characters are brought out as follows: 

1. Skull short, but broad between the eye sockets. 
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2. Eye sockets high and prominent, giving the eyes a wide range of 
vision. 

3. Facial profile, or forehead, concave. 

4. Jaw slender in front, deep and wide set above the throat. 

5. Round ribbed chest, well ‘ribbed up’ and short back with only 5 
ribless, or lumbar, vertebrae. 

6. A horizontally placed pelvis (a speed character) and very high tail 
region, few tail vertebrae. 

7. A complete shaft of the ulna, or small bone of the forearm. 

8. Long and slender cannon bones, and long, sloping pasterns. 

The most distinctive feature of horses of North African stock was pointed 
out by Sanson^ in 1866, namely: that they possess five instead of six lumbar 
vertebrae. 'Nimr’ shows this character; it is present in the skeleton of 
* Lexington’ in the U. S. National Museum; also in the mounted skeleton 
of a thoroughbred in the British Museum. Correlated with the very char¬ 
acteristic elevation of the tail in Arab horses we observe the upturned sacral 
and anterior caudal vertebne, and the remarkably horizontal position of the 
pelvis in comparison with the relatively downtumed caudals and more 
oblique pelvis of the northern or draft type of horse. A third feature is the 
very short dock; there are only 16 vertebrae in the tail of ‘Nimr,’ as com¬ 
pared with 18 vertebrae in the tail of the large draft horse and other horses 
of northern tyj)e. Abbrtwiatioii of the tail bones seems to have been a fea¬ 
ture in the evolution of these animals. A fourth character of great interest is 
the complete shaft of the ulna, which for a short interval is actually free 
from the radius and extends continuously into the lower portion of the bone, 
which expands and supports the inner upper surface of the cuneiform; 
I have observed this character also in ‘ Lexington.’ ^ Fifth, the Arab skele¬ 
ton is noted for the density of its bone. Whatever may be true of the desert- 
bred Arab this does not especially apply to the stable-bred *Nimr,’ as shown 
by the following measurements by Mr. Chubb. 

Bones of one front limb i Bones of one hind limb. 



Weight 

Cubic 

inches 

Cubic 
inches per 

Weight 

Cubic 

inches 

Cubic 
inches per 

f Specimen 

of bones 

in bones 

lb. of bone 

of bones 

in bones 

lb. of l)one 

Arab (Nimr) 

5 lbs. 

141 

28J 

7 lbs. 

200 

28| 

Shetland 

i " 

21i 

28J 

1 

29 

29 

No. 14131 

6i “ 

179 

26it 

8i 

248 

30^^ 


Sixth, the skull of ‘Nimr’ is marked not only by the prominence of the 
brain case, correlated with the large brain, but by the prominence and 


1 Comptes rendus Acad. S(‘i. Paris, 1866, p. 485, and Mfimolre sur la determination d’une 
type specifique de race chevalin & cinq vertfebres lombaires. Jour, de TAnat. et de le Physiol, 
de M. Robin, t. V, 1868; also Comptes rendus, 1869. 

» Also in the skeleton of a Grevy Zebra in the American Museum Collection. 
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superior position of the orbits with breadth of forehead, and by the conse¬ 
quent depression of the profile of the face below the orbits, ^ving the char¬ 
acteristics Grecian or ‘dish^ profile in the Arab head. Seventh, the sagittal 
crest as well as the origin of the temporalis muscle is unusually well defined. 
Similarly the crest below the orbit for the masseteric origin as well as the 
fossae for the insertion of the masseteric muscles in the angular region of the 
jaw are sharply defined, the expansion of this angular region below the 
level of the ramus being a very characteristic feature of the Arab. Another 
mandibular feature is the slenderness and tapering of the jaw anteriorly. 
In short, the cranium of the Arab skull is of a very distinctive, high bred 
type and will be reaclily recognized from that of the cart horse type although 
several of its characters might be seen blended in the skulls of common 



Fig. 3. ‘Kaliled’ son of 'Nimr'. 

horses having more or less Arab ancestry. Lydekker has called attention 
to a slight depr<‘ssion just below and in front of the eyes in the malar region 
as characteristic of the skulls of several thoroughbreds; he speaks of it as 
representing the vestigial pit of a face ‘gland/ This is undoubtedly a 
significant character, but we do not find much trace of it in the skull of 
^Nimr.’ 

The neck is much longer relatively than that of the Shetland. 

Altogether in my opinion these osteological characters justify the sepa¬ 
ration of the Arab as a distinct species {Equus africanus Sanson), of distinct 
origin and from wild ancestors very different from those of the northern horse. 
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Measurements op *Nimb\ 

By S. H. Chubb. 


Total length of vertebrse 

248 cm. 

8 ft. 

Ilia 

'' '' skull 

53 

1 

8i 

Height at withers 

147 

4 

10 

pelvis 

145 

4 

9 

Length of scapula to cartilage 

36 

1 

2i 

“ innominate 

38 

1 

2i 

“ “ humerus 

32 

1 

1 

femur 

40 

1 

3i 

radius 

37 

1 

2i 

“ tibia 

38 

1 

2i 

“ “ cannon bone (fore) 

261 rnin. 


lOf 

“ “ (hind) 

305 

1 


“ prox. phalanx (fore) 

86 


3| 

(hind) 

84 


Si-V 

Transverse diameter of cannon bone (fore) 

34 


lii 

a u u u (hind) 

32 


li 

“ prox. phal. (fore) 

35 



a u u u (hind) 

35 


18 

“ thorax 

57 cm. 

1 

lOJ 

Vertical 

56 

1 

10 
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Article XIV.— A ]\IOUiVrED SKELETON OF NAOSAURUS, 

A PELYCOSAUR FROM THE PERMIAN OF TEXAS. 

By Henry Fairfield Osborn. 

Plates IX and X. 

The more or less complete skeletons of the Permian Pelyeosauria iVoo- 
murus and Dimrtrodon constitute some of the finest and most interesting 
portions of the Cope Permian collection presented to the American IMuseum 
by ]\Ir. Morris K. Jesup. 'llw prt\scnt article is devoted to a preliminary 
description of a composite sk(*l('ton of a Permian Pelycosaurian mounted 
with great skill by Mr. Adam Hermann under the writer’s direction with the 
co6])eration of Dr. W. D. jMatthew. 

The ass(‘mblage in this imposing mount, which has a total length of 8 ft. 
bj inch(\s or 1J.()2 m., re|)rescnts a large number of individuals arbitrarily 
associated with the chief specimen (Aiihu*. Mus. No. 401.5), collected by Mr. 
Sternberg in ISOO on Hog (hx*ek, Ba\lor County, Texas. This chief speci¬ 
men includes all the vertt'brjv and ribs except those parts which are obviously 
mstored in plaster; clavicles, and epiclavicles; a portion of the scapula not 
used uas doublfully associated. The association of the other parts collected 
by Messrs. Boll (bSSO) and (mmmings (1S82) is highly conjectural. Dr. 
E. C. Cas(‘, th(! chief authority on this group writes his belief that the skull 
of Dimeirodon cannot be used as a basis for the restoration of the skull of 
Naosmmw. 

The reader will, therefore, thoroughly understand that the assemblage 
is largely composite. It s('rv(\s, nevertheless, to give us for the first time an 
adequate conception of th(* unicpie and imposing characters of these great 
extinct forms. 

Detailed LiH of Parts Assembled .— It is important at once to record the 
catalogue numbers and the localities of the specimens used in this assem¬ 
blage : 

No. 4015. Sternberg, 1896, Hog Creek. Baylor Co., Texas. 

All vertvhm and ribs (except as restored in plaster); darkles and ckithrum. 
Part of scapula not used; doubtfully associated. 

No. 4081. Ball, 1880. North Fork of Little Wichita River, Texas. 

Skull and jaws except as restored in plaster. (The right jaw, a large part of 
right side of skull, and smaller pari of left side, are bone. All teeth are re¬ 
stored.) 

No. 4067. Cummins, 1882. Elm Creek, Texas. 

Fore and hind limbs, in pari, as follows: right radius and ulna, ulnare, 
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radiale, carpale II, metacarpals I-IV, phal. II; left femur, right and li«lt 
tibise, right astragalus. Scapulce, parts of humeri, pelvis, and many vertebud 
centra not used. A part of a single spine preserved, and the length of the- 
tail indicates this as Dimetrodon rather than Naosaurus. The length and 
character of limbs and feet is not sufficiently different to prevent its beta^ 
used in the Naosaurus skeleton. 

No. 4146. Sternberg, 1895. Coffee Creek, Baylor Co., Texas. 

Scapulae, humeri, left radius and ulna. Femur not used. This specim^ 
agrees pretty closely with No. 4057 in parts comparable, but is somewhat 
more robust. 

No. 4163. Sternberg, 1902. Coffee Creek. Composite number, bone bed 
Nearly all phalanges, parts of several metapodials and distal tarsals. 

The Pelycosaur material in this lot was sorted out and is mostly of appro¬ 
priate size. 

No. 4103. Indian Creek, Texas. 

Interclaviclc. Scapula, not used. Somewhat too large for No. 4057, but 
may not be too large for No. 4015, which is more robust than No. 4057. 

No. 4132. Right femur. 

Unnumbered specimens. Calcaneum, two carpals, a few phalanges. 

The above numbers are from the American Museum catalogue as deter¬ 
mined by Messrs. Matthew, Case, and Gregory. Dr. W. 1). Matthew 
furnishes the following additional notes: 

Limbs and feet. — The limb and foot material in the Museum collection 
does not include anything that can be certainly regarded as lK*longing to 
Naosaurus; all the best limb and foot material is in association with Dime- 
trodon, but since Nansaurus is about as abundant as Dimetrodon it is fair 
to infer that about half of the unassociated limb and foot material belongs 
with Naosaurus. It is probable that Naosaurus was a somewhat more 
robust animal, but otherwise much like Dimetrodon. The limbs and feet 
used in this assemblage may fairly represent Naosaurus but more probably 
belong to a large species of Dimetrodon. 

Vertebra. — The central specimen (Amer. Mus. No. 4015) includes the 
greater number of vertebrsp. The characters here shown are confirmed 
by two other remarkably (*omplete vertebral series with spines. The cliief 
characters of the atlas and axis are well ascertained from Amer. Mus. Nos. 
4034, 4040, referred by Dr. Case to Dimetrodon gigas and D. incirivus^ 
respectively (Fig. 1). The length of the tail is inferred to be exceptionally 
short in Naosaurus, chiefly because of the absence of any large or long^ 
caudals in association with any of these giant Pelycosauria. In Dimetrodon 
it was apparently somewhat longer than in Naosaurus. 

Skull. — As above noted, the association of the skull is highly conjectural; 
its size and robustness as compared with that of Dimetrodm constitute the 
principal ground for this association. 

We are struck by the enormous and powerful head, which was supported 
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by ligaments attached to the stout neural spines of the anterior cervicals and 
dorsals^ the elongate back, from which radiate like the rays of a fan the 
greatly elongated neural spines, the transverse bars of which suggested the 
name Naosaurus or ‘ship lizard’ to Professor Cope. Anteriorly the spines 
almost overhang the back of the head, posteriorly they are sharply retroverted 
into a horizontal plane. The fore limbs are supported by a very powerful 
shoulder girdle. The hind limbs are relatively large and more powerful. 
The horizontal position of the humerus and femur and the sharp angulation 
of the ankle joint are conditioned by the peculiar position of the articular 
facets. The pose is taken from a careful study of some of the existing 
lizards. 

Details of Structure, 

1. The skull is modeled from comparative study of several Pelycosaur 
skulls in the American Museum with the assistance of one loaned by Pro¬ 
fessor S. W. Williston from the University of Chicago. It is probably sub¬ 
stantially correct. The position of the lower canines is determined by deep. 



Fig. 1. Axis and atlas complex of the Pclycosaiiria. A, No. 4034 Cope Collection, 
American Museum. Anterior and latcrai aapwts. B, No. 4040, Cope Collection, American 
Museum. Lateral and inferior aspects. The dorsal border of n. at, was probably broadly 
convex. 


lateral grooves on the outer sides of the premaxillaries. The face is strongly 
convex, the orbits are large, the temporal fenestree are contracted by the 
powerful bones of the temporal region. 

2. Cervicals ,— The structure of the atlas and axis is very primitive, 
as determined from American Museum Nos. 4034 Dimetrodon gigas (fide 
Case) 4040 D, incisivus (fide Case), and represented in Fig. 2, A, B. 
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In the smaller specimen (No. 4040, Fig. 2B) the odontoid or atlanteal 
pleurocentrum reaches the ventral line of the vertebrfe, and the facet for 
the hypocentrum is almost on the same transverse plane with the facet for 
the skull. The spine of the atlas is relatively low. In the larger specimen 
(No. 4034, Fig. 2 A) the odontoid is excluded from the ventral line by hypo- 
centra 1 and 2, and the facet for hypocentrum 1 is very oblique. 

In No. 4040 the odontoid supports the distinct halves of the neural arch 
of the atlas {N, at. Fig. 2 B), as in Champsosaunis and other primitive Diap- 
sida. Each half of this neural arch^ has a large facet for the odontoid. 
It also articulated postero-dorsally with the prezygapophysis of the axis, 
and probably also distally with the atlanteal hypocentrum (hy 1) which in 
No. 4034 (D.gigas) shows a distinct articular depression on its dorso-lateral 
border. In No. 4034 (Fig. 2 A) the first rib certainly articulated with the 
postero-lateral border of hypocentrum 1, and possibly may also have articu¬ 
lated dorsally with the postero-inferior portion of the atlanteal neural arch, 
as observed by Dr. Case in his specimen No. 131. The second rib articulates 
by the tubercle with hyjiocentrum 2 (of the axis) and by its capitulum with 
the diapophysls of the axis. 

The neck was appanmtly abbreviate, each vertebra behind the atlas 
being provided with larg<% free two-headed ribs. 

3. The vertebra? excepting the sacrals and ? anterior caudals were 
provided with free h}q)ocentra. The centra are perforated by the noto¬ 
chordal tube. The vertebral centra (])leurocentra) are relatively small 
and reduced, especially in the anterior dorsal region where as supporting 
structures they are more or less functionally replaced by the enormously 
enlarged neural spines. 

4. The neural spines of the anterior dorsals are din^cted upward and 
partly expand at the extremities to support the stout ligaments attached to 
the occipital surface of the skull. As we pass backward the spines become 
more slender and assume a vertical, an oblique, and finally a curved retro- 
verted position horizontally overhanging the sacrum and anterior portion of 
the tail. The vertebral formula is approximately: 

Rib-bearing cervicals ?5 

Rib-bearing dorsals 19. 

Sacrals 3. 

Caudals 25. 

5. The post-atlantcal ribs articulate by the capitulum with the hypo¬ 
centrum or are intercentral in position; the tuberculum of each is pleuro- 
central being attached to the sides of the succeeding vertebra. 


* Owing to the cpshed condition of the specimen, the siiape of the neural arch is incorrectlv 
represented in the drawing. Its dorsal border should be convex. meorreewy 
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6. The short, stout shoulder girdle includes a very large plate-like 
scapula. The suture between the coracoid and procoracoid cannot be made 
out. 

The clavicular arch includes: (1) epiclavicles, (2) clavicles, (3) the 
elongated interclavicle or episternum. The close articulation of clavicles 
and interclavicle is clearly observed. 

7. The manus} —The reconstruction of the manus and pes (hypothetic- 
ally arranged in Fig. 3), is due to Dr. 

Matthew. The carpus apparently 
comprises the following parts: radi- 
ale, intermedium, ulnare, 2 centralia, 

5 distinct carpalia. The phalangeal 
formula is that of the typical Diap- 
sida, namely, 2, 3, 4, 5, 4. A primi¬ 
tive feature characteristic of other 
Diapsida, such as Splumodon and 
Stereosternum is an intracarpal fora¬ 
men (/or.) indicated by a curve in the 
mesial aspect of the ulnare. An analo¬ 
gous intratarsal foramen in the pcs is 
indicated by a curve in the mesial 
aspect of the fibulare. 

8. The pes, — The first character 
of this hypothetical restoration is the 
sharp or right angle in the ankle joint. 

Thus the fibula articulates with the 
internal face of the fibulare, the tibia 
with the internal face of the supposed 
tibiale + intermedium. The bone 

corresponding to the navicular is provisionally interpreted as centrale 1 (as 
indicated by Broom’s figure of the pes of Procolophon), There is a space 
for another small centrale tarsi (possibly for two centralia) although in the 
restoration centrale 3 is indicated as coalesced with tarsale 4. The phalan¬ 
geal and digital formula are hypothetically represented as in the manus. 

In both manus and pes the terminal phalanges are of the locomotor 
rather than of the prehensile type, that is, they were provided with flattened 
rather than with sharply recurved claws. 



Fig. 2. Clavicular arch. The breast 
[Uates attributed to Naosaurua, Cope Col¬ 
lection, No. 4103, American Mu.seum. 


> Owing to the fact that the manns is reconstructed from several specimens the Intermedium 
is probably too small in the drawing and does not extend sufficiently upward between the radius 
and ulna. Centrale 2 is also probably incorrect in form (Matthew). 
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4rtid« XV.-~ A COLLECTION OF ANTS FROM BRITISH 
HONDURAS. 

By William Morton Wheeler. 

Plates XI and XII. 

The collection of ants enumerated in the following pages was made 
during the autumn and winter of 1905~*06 by Mr. J. D. Johnson at Manatee, 
British Honduras. Although the specimens all belong to known species, 
they are interesting on account of the locality in which they were taken, 
as British Honduras is very rarely mentioned among the localities in 
ForeFs admirable monograph of the Central American and Mexican ants 
in the ‘Biologia Centrali-Americana.* 

PONERIN-ffi. 

1. Pachycondjla harpaz Fa6r.—Three workers indistinguishable from 
the typical form from Texas and Mexico. 

2. Pachycondyla (Pseudoponera) stigma Fabr. — Numerous workers 
and a few males from several colonies. 

3. Anochetus (Stenomyrmex) emarginatus testaceus Fc/reL —Nmher- 
ous workers closely resembling in color the typical form of this subspecies 
from the West Indies and in having the anterior surface of the petiole 
smooth above and only moderately rugose near the base. 

Dorylin.®. 

4. Eciton hamatum Fair. — Many soldiers and workers. 

5. Eciton vagans Oliv, — Numerous w-orkers. 

6. Eciton rogeri Dalla Torre. — Numerous workers. 

7. Eciton predator F. Smith, — Numerous workers. 

8. OhoUomynnex aortoni Ma^r, (PL XI, Figs. 4-9.)— Many worKers 
measuring from 2.5 to 6 mm. in length, from two colonies. There can be 
no doubt that this ant forages in files like the species of Eciton, It is proba¬ 
bly hypogeeic like E, coecum Latr. As Emery has shown, C, nortoni has 
dimorphic workers. The largest individuals (soldiers) have curved, falcate 
mandibles with a narrow, hooked apical and two large basal teeth (PL XI, 
Fig. 5) whereas the intermediates and small workers have short and pro¬ 
portionally broad mandibles, with only two large teeth separated by a series 
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of denticles. (PI. XI, Fig. 8.) As in the genus Dorylus the clypeus is 
also more convex and projecting in the smaller than in the laiger workers. 

Myrmicin^. 

9. Pseudomyrma belti Emery var. fulvescens Emery, — Many workers 
of the typical form of this variety. 

10. Pseudomyrma dolichopsis Forel, — Several workers which agree 
perfectly with Forers description except in size. They are only 3-3.3 mm. 
in length and may belong to an incipient colony. 

11. Pseudomyrma sericea Mayr, — A single worker. 

12. Pseudomyrma caroli Forel, — Numerous workers agreeing very 
closely with Forel^s description of specimens from Costa Rica and with a 
type specimen of the var. clupii Forel from the Amazon. 

13. Pseudomyrma delicatula Forel, — Four workers. 

14. Monomorium carbonarium ebeninum Forel, — Many workers of the 
typical form of this subspecies. 

15. Monomorium floricola Jerdon, — Numerous workers. 

16. Solenopsis geminata rufa Fair, — Many workers of the typical 
East Indian form of this common tropicopolitan ant. They are of a reddish 
yellow color, with a well developed spine on the mesostemum. The largest 
specimens measure only 3.5-4 ram. 

17. Pheidole anastasii Emery var. johnsom var. nov. — Numerous 
soldiers, workers and males taken from a single colony (Feb. 2). The 
soldiers and workers resemble the corresponding phases of anastasii ex¬ 
cept in having the whole head, thorax and pedicel opaque as in puncta- 
tissima Mayr. The color is that of anastasii. 

18. Pheidole megacephala Fabr, — Several soldiers and workers of the 
typical form. 

19. Oremastogaster brevispinosa Mayr, — Many workers from several 
colonies marked “small black house-ant.'^ Among these are a number of 
pseudogyriic individuals not exceeding the largest workers in size (2.3 mm.), 
with an enlarged mesonotum and sometimes with a small scutellum and 
minute nodular or strap-shaped vestiges of fore wings. These abnormal 
individuals are of exactly the same character as the pseudogynic specimens 
of Myrmica which I have described and figured in a former paper.^ 

20. Cryptocerus cristatus Em£ry. — A worker and two females. The 
wings of the latter are smoky brown, with heavy dark brown veins and 
stigma. 


^The Polymorphism of Am?., with an Account of Some Singular Abnormalities due to 
Palrasltism. Bull. Am. Mus. Nat. Hi.st., Vol. XXIII, 1907, p. 43, pi. Iv, figs. 46-49. 
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21. OryptoceniB angulosns F. Smith. 

(Plate XI, Figs. 1-3.) 

Cryptocerus angulosus F. Smith, Trans. Ent. i^c. London, 1867, p. 525, pi. xxvi, 
fig. 7. §. 

Cryptocerus jucundus F. Smith, Trans. Ent. Soc. London, 1876, p. 606, pi. xi, 

Fig. 2, g. 

Cryptocerus angulosus Emery, Bull. Soc. Ent. Ital., XXII, 1890, p. 39, tav. 
ix, fig. 9, 0 . 

Soldier. (PI. XI, Figs. 1 and 2.) Length: 4.6-5 mm. 

Head surmounted by a disk, which is as long as broad, with straight, parallel 
sides and rounded anterior and posterior corners. The floor of the disk is convex 
in the middle and anteriorly, and very concave on the sides, with a thin, reflected 
and irregularly crenate border. Its anterior border is semicircularly excised in the 
middle, and encloses the mandibles, each of which has a long, acute apical, and a 
few indistinct basal teeth. Posterior corners of head projecting below and beyond 
the disk, rather acute, turned upwards and irregularly crenate. Thorax as broad 
as long, about twice as broad in front as behind. Promesonotal and meso^pinotal 
sutures very distinct, the fonner subsemicircular, the latter but slightly curved. 
Pronotum with sharj), flattened anterior angles and a strong transverse, irregularly 
crenate, j)osterior crest, narrowly interrupted in the middle. Mesonotum somewhat 
more than half as broad as the pronotum, produced on each side into a short, sharp 
angle. Epinotum nearly as broad as (he mefjonotum, with thin, flat lateral bor¬ 
ders, except in front where it is suddenly narrowed and produced into k small 
rounded lobe on each side. The lateral bonlers converge posteriorly and have 
blunt posterior angles. Petiole and postpetiole alike in shape and both with 
well-developed, recur\^ed lateral spines, these on the petiole being, however, dis¬ 
tinctly narrower, more acute and less flattened than those on the postpetiole. Grasor 
less than twice as long as broad, flattened, bluntly pointed behind, cordate in front, 
with thin, slightly upturned anterior borders. Legs robust. 

Subopaque; up{)er surface of head shining. Head and thorax foveolate, the 
former more coarsely and much more sparsely, especially on the concave portions of 
the disk. Petiole, postpetiole, gaster and legs finely and densely foveolate-punctate. 

Hairs glistening white, very short, scale-like and appressed, one to each of the 
foveolie on the head and thorax; much smaller and denser on the remainder of the 
body. Fjdge of cephalic disc with a fringe of short, erect, clavate hairs. 

Blacjk; upper surface of head, pronotum, tibiae, tenninal tarsal joints, scapes 
and basal funicular joints of antennae, brownish yellow. Lateral borders of epin¬ 
otum, spines of postpetiole and all but a laige lozenge-shaped area on the disc of 
the first gastric segment, sordid white, as are also the posterior borders of the re¬ 
maining gastric segments. 

Worker. (PI. XI, Fig. 3.) Length: 3.5-4 mm. 

Head not surmounted by a disk, longer than broad, nanower in front than 
behind, with sides straight and gradually converging in front, and with rounded, 
thin anterior lolies and distinct posterior angles. Anterior border with a semi¬ 
circular excision for the mandibles. Thorax nearly IJ times as long as broad, 
flattened above, without a pronotal crest; promesonotal suture obsolete, raeso- 
^pinotal suture very indistinct. Pro- and epinotum each somewhat broader than 
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274 


Bulletin American Museum of Natural History» [Vol. XXIII, 


long, with thin, dilated lateral borders, and each with a notch just behind its 
anterior angle. Mesonotum produced on each side into a short spine. Petiole 
and postpetiole similar to those of the soldier. Gaster cordate-elliptical, propor¬ 
tionally shorter than in the soldier. 

Opaque; whole surface finely and densely granulate-foveolate, the head, thorax, 
petiole and postpetiole somewhat more coarsely than the gaster. 

Hairs similar to those of the soldier but shorter; finer and denser on the gaster 
and legs than on the remainder of the body. 

Black; anterolateral lobes and posterior comers of head, lateral borders of 
thorax, spines of petiole and postpetiole, anterolateral corners of first gastric seg¬ 
ment, antcnnie, knees and tibiae, sordid or brownish white. 

Male. Length: 4..'5-5 mm. 

Head, excluding eyes, broader than long, convex behind, with very short, con¬ 
cave cheeks. Mandibles with an acute apical and several small basal teeth. An- 
tenn® short, not much incrassated towards their tips; scape much shorter than 
the second funicular joint, first fimicular twice as broad as long, joints 2-11 siibequal, 
less than twice as long as broad, rather robust, tenninal joint somewhat shorter 
than the two preceding joints together. Thorax robust, somewhat broader through 
the wing insertions fhan the head through the eyes; Mayrian furrows of pronotum 
broadly impressed, shallou. Kpinotum short, basal surface shorter than the abrupt 
declivity with which it fonns nearly a right angle. Petiole and i)ostpetiole subequal, 
rectangular from above, a little longer than broad. 

Opaque; petiole, post petiole and gaster shining. Hoad and thorax densely 
punctate or granular, the fonner with small, the latter with larger, shallow foveolae. 
Mayrian and parapteral furrows coarsely longitudinally rugose. Petiole, post¬ 
petiole and gaster coarsely shagreenod. 

Hairs whitish, tapering, rather abundant, suberect; conspicuous on the body 
but much sparser on the legs. 

Black; mandibles, antenn® and legs white; bases of mandibles, the scapes and 
bases of fore femora more or less infus<;ated. Posterior edges of gastric, segments 
and genitalia yellowish. Wings whitish hyaline, with colorless veins and light 
brown stigma. 

Describ(jd from numerous soldiers, workers and males, all taken from 
the same colony (Jan. 31). 

22. Atta cephalotes Linn .—Numerous small and medium sized 
workers of this, '‘tlie w(‘e-wec, or mound-builder,’' whieli is one of the few 
ants also cited by Forel from British Honduras. 

23. Atta (Trachymyrmex) saussurei Ford ("losely related, as Forel 
has shown, to A. (7*.) ^leptcntrwndlis of the United States. The numerous 
workers reeeivTd from ]\Ir. Johnson agree well with a typical specimen of 
saussurei given me by Mr. Pergande. They differ from septentrionalis 
in having a narrower head, much more convex and pn^truding eyes, longer 
antennal scapes, which suq)ass the po.sterior corners of the head by nearly 
•J their length, and more acute thoracic spines, of which four instead of three 
pairs may be seen on the profile of the pro- and mesonotum. The post¬ 
petiole is as long as broad instead of broader than long; the tubercles on 
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the gaster are larger and less numerous than in septentrionaUs and the 
median black band is less distinct. 

The hitherto undescribed female of saussurei differs from that of septen- 
trionalis in the longer antennal scapes and postpetiole and the grosser 
tubercles, especially on the gaster. The first segment of the latter has a 
median and two lateral streaks of dark brown, and the ventral surface is 
also infuscated. The mesonotum has a large, triangular anteromedian 
and two lateral dark brown blotches and there is a similar blotch on the 
clypeus, one on the vertex and another on the scutellum. The wings are 
smoky brown, somewhat paler than those of septentrionalis. 

In the hitherto undescribed male of saussurei the head is narrower 
behind and with blunter spines than in septentrionalis', the antennse and 
legs are more slender, the postpetiole longer and with a pronounced trans¬ 
verse depression, and the tubercles on the petiole, postpetiole and gaster 
are much more prominent. 

All the specimens received from Mr. Johnson were taken from the same 
nest (Feb. 9). 

24. Myrmicocrypta diiacerata Forel .— Two males. 

25. Cyphomyrmex rimosus Splnola .— Numerous workers of the 
typical fonn of this variable species. 

DoLICHOBERINjE. 

20. Dolichoderus bispinosus Olivier. - Numerous workers from two 
colonies, together witli some Membracids which they were attending. 
This common and widely distributed neotropical specues is cited by Forel 
from the Rio Hondo, British Honduras. Like several other species of 
the genus it constructs paper nests. 

27. Dolichoderus championi Forel. — Numerous workers and a single 
dealated female. Forel has described all three phases of this insect from 
Mexico, Costa Rica and Panama, and also a subspecies and variety from 
Trinidad and Colombia. 

28. Tapinoma melanocephalum Fal^r .— Many workers from a single 
colony. This species appears to be widely distributed through the tropics 
of both hemispheres. It is common in the West Indies (Jamaica, Porto 
Rico, Bahamas) and has also been introduced into well-heated buildings 
in New York. During the past wdnter I have seen it visiting the sugar 
bowls on the tables of the Columbia University commons. 

29. Do ry m y rmax pyramicuB Roger .— Numerous workers of the typical 
form of this species from two colonies. 

30. Azteca instabilis F. Smith .— Many workers of all sizes and four- 
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teen winged females from four colonies (Nov. 1 and 14). The females are 
9.10 mm. long. The head, excluding the mandibles, is very little longer 
than broad, convex and rounded on the sides behind the eyes, contracted 
and concave in the region of the cheeks and with a broad, shallow occipital 
excision. The tips of the antennal scapes reach to a little more than f the 
distance between the eyes and the posterior comers of the head. The 
body is dark brown, with the mandibles, clypeus, antennae, head, pronotum, 
thoracic sutures, tarsi, venter, anterior and posterior borders of the gastric 
segments dull orange yellow. The front and a large portion of the upper 
posterior surface of the head dark brown. The wings have a pronounced 
yellow tinge, with dark brown stigma and scapular vein; the remaining 
veins being light brown. Pile and pubescence like those of the worker; 
antennal scapes and legs with prominent erect hairs. 

31. Azteca foreli Emery .— Numerous w^orkers of all sizes, agreeing 
perfectly with Emery’s original description of this species. 

32. Azteca schimperi Emery .— Numerous workers of all sizes taken 
from a paper nest which Mr. Johnson has forw^arded to the American 
Museum. This nest, which is represented in Plate XII, was suspended 
from the branches of a tree. It is regularly egg-shaped, 15 cm. long and 9.5 
cm. through its greatest diameter, and consists of dark brown, hard and 
friable carton, liie outer surface is ornamented with broad flat carton 
scales of a paler and slightly reddish color. The numerous openings, 
scattered irregularly over the surface, are mostly elliptical and vary from 
3 to 6 mm. in diameter. 


Camponotina:. 

33. Prenolepsis longicornis Fair .— Numerous workers. 

34. Prenolepsis guatemalensis Ford .— Several workers and males 
which agree very closely with typical specimens of this species received 
from Prof. Forel. 

35. Prenolepsis sp. — Three workers w^hich I hesitate to refer to any 
of the described species, as they are not accompanied by males. 

36. Oamponotus abdominalis ustulatus Forel .— A number of soldiers 
and workers and two winged females taken Nov. 15, from ‘'an empty 
hornet’s nest.” 

37. Gamponotus abdominalis stercorarins Forel .— Several soldiers 
and workers. 

38. Gamponotus planatus Roger .— Several soldiers and workers of 
a pale variety of this common neotropical species. 

39. Gsmponotus formicttformis Forel .— A number of soldiers and 
workers. 
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40. Oamponotas lindigi Mayr .— A few soldiers and several workers. 

41. OamponotuB rectangularia Emery .— Numerous soldiers and work¬ 
ers of the light-colored, typical form of this species. 

42. Ottfnponotus daviseapus Forel .— Two soldiers and fourteen 
workers agreeing perfectly with ForeFs description. There are also in my 
collection two females and two males taken in Nicaragua by Mr. Wm. 
Fluck. None of these specimens has any trace of a carina on the clypeus 
so that I am unable to refer them to Forel’s var. carinata of Guatemala. 
The female resembles the soldier very closely in the structure of the head 
and the distally incrassated antennal scapes. The thorax and gaster are 
long and narrow, the mesonotum being somewhat longer than broad and 
as broad as the head. The petiole is low and very thick, with blunt hori¬ 
zontal superior border when seen from behind. The gaster is nearly 
four times as long as broad, brown, with the anterior half of the first 
segment and a pair of large rectangular blotches on each of the succeed¬ 
ing segments, yellow. The wings are yellowish hyaline, with yellow^veins 
and stigma. 

43. Oamponotus sericeiventiis Guerin .— Two soldiers and a worker 
agreeing in all respects with specimens from various parts of Mexico. 


EXPLANATION OF PLATES. 

Plate XI. 

Fig, 1.— Cryptocerus anguloms F. Smith. Soldier. 

Fig. 2.—Head of same seen from above. 

Fig. 3.— Cryptocerus anguhsus F. Smith. Worker. 

Fig. 4.— Cheliomyrmex nortoni Mayr. Soldier. 

Fig. 5.—Head of same seen from the front. 

Fig. 6.—^Terminal tarsal joints of same. 

Fig. 7.— Cheliomyrmex nortoni Mayr. Intermediate worker, in profile. 

Fig. 8.—Head of same seen from the front. 

Fig. 9.— Cheliomyrmex nortoni Mayr. Small worker, drawn to same scale aa 
Figs. 4 and 7. 

Plate XII. 

Pendent carton nest of Azteca schimperi Emery. 
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Article XVI.— THE TYPES OF THE NORTH AMERICAN 
GENERA OF BIRDS. 

By J. a. Allen. 

I. INTRODUCTORY. 

Up to within the last year or two there has been very general agreement 
as to the method of fixing the types of genera in Zoology in cases where the 
founder omitted to specify the type, and the genus originally contained 
more than one species. This lias been a process commonly known as the 
method of elimination; it has not only been incorporated in all codes of 
zoological nomenclature down to the latest, the International Code of 1905, 
but has for more than half a century .received the sanction of general usage. 
It is simply the ap[)lication of the rule of priority to the dismemberment of 
])olytypic genera. All agree that a generic name proposed for a hetero¬ 
geneous group of species must be conserved for one of its original compo¬ 
nents. If, in the course of its dismemberment, all of the species have been 
removed to other genera, either as types of new genera or as congeneric 
with such types, the name of the original genus is to be restored to the last 
component of the group which was thus renao^'ed. If a part of the original 
species have been thus taken out and others left, the author who has occasion 
to revise the genus can select anyone of the remaining species as its type 
wiiich in his judgment seems best, and such assignment, by the ruling of all 
codes, is not subject to subsex^uent modification. In case none of the origi¬ 
nal species have been removed the first reviser has the right, under the same 
rules, to designate any of the original species as the type of the genus. 

Ordinarily the determination of types by elimination is not difficult; in 
the case of very large genera, made up of many heterogeneous elements, 
considerable labor may be involved, as the nomenclatural histoiy of each 
species must be traced out before the type can be determined. But the 
difficulties and uncertainty of result have of late been greatly magnified, 
and to simplify an imaginary difficulty it has recently been proposed that 
the first species shall be taken as the type in all this class of cases, regardless 
of consequences,^ owing to the simplicity of the method and the facility of 
its application. Yet so evidently disastrous w^ould be its unrestricted 
application that the advocates of the ‘first species rule’ urge the removal 

' Cf., atone, Wltmer, The Relative Merits of the * Elimination ’ and ‘First Species' Method 
in fixing the Types of Genera — with Special Reference to Ornithology. Science, N. S., Vol. 
XXIV, No. 61^. November 2, 1906, pp. 660-565. 
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of all the Linnsean genera from its scope, on the ground that, in ornithology 
at least, there is practical unanimity of opinion as to what species are to be 
regarded as their types. In order to test the comparative merits of the two- 
methods — elimination and the first species rule — in respect to the neces¬ 
sary changes involved in their application, the genera of North American 
birds are here taken for a trial test. Besides this, it has seemed desirable to 
have a clear statement of how the t}"pes of these genera have been determined, 
since in most cases we have merely the affirmation that a certain species is 
the type of a given genus, without any intimation as to how many species 
the genus originally contained or how the type was determined. 

There are four conditions, any one of which, when present, determines 
the type of a genus beyond appeal, under current usage: 

1. A genus that is monotypic when founded necessarily takes its only 
species as the type. 

2. When the type is designated by its author at the time of founding 
the genus. 

3. When the name of the genus is the same as that of one of its species, 
or like that of a synonym of one of its species, or is based upon such a name 
— in other words, by the rule of tautonomy.^ 

4. Wlien some subsequent author has selected one of its species as its 
type. 

The rule of tautonomy is perfectly rational and satisfactory and helps 
often to decide otherwise complicated cases. Nearly all of the Brissonian 
genera come within its scope, as do many others that would otherwise give 
trouble. In fact, it is included in substance in the original B. A. Code, 
though not given in the form of a canon. It is, however, evident that many 
authors have heretofore been guided by it in selecting the types of genera. 

The second edition of the A. O. U. Check-last of North American Birds 
and its subsequent Supplements contain 415 genera and subgenera, the 
tyj>es of which, and the manner of their selection, are set forth in the follow¬ 
ing pages. As will be seen, a surprisingly large number were monotypic 
when originally founded, many more are determinable by the principle of 
tautonomy, and a considerable number have had their types designated by 
the founder of the genus. A large proportion of those containing tw^o or 
more species have the first species as the type, although, as will be shown 
later, many were so determined without any conscious adherence to a ‘first 
species* rule. The types of many genera which originally contained more 
than one species are types by what may be conceded as practically unanimous 

1 This rule has only rec^nitly come into use, but has been found to give such satisfactory 
results that it has been incorporated into the Code of the International Committee on Zoological 
Nomenclature, published in 1905, and has also recently been adopted by the American Ornl- 
tholofi^sts’ Union. 
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consent, whether they came to be types by the process of elimination or by 
the designation of a subsequent author. 

Before proceeding to the main subject, a few words seem desirable in 
respect to one or two collateral questions, namely, that submythical person¬ 
age, the ‘first reviser,’ and the importance of the continued acceptance of 
Brissonian genera. 


The First Reviser. 

In the past much has been said regarding the decisions of a ‘first reviser’ 
in fixing the types of genera. Canon XXI of the A. O. U. Code declares: 
“When no type is clearly indicated, the author who first subdivides a genus 
may restrict the original name to such part of it as he may judge advisable, 
and such assignment shall not be subject to subsequent modification.” 
This is in substance the ruling on this point by the B. A. Code, promulgated 
in 1842, and reiterated in most subsequent codes down to the International 
Code of 1905. The reasonableness and utility of this provision has rarely 
been questioned, and it has consequently been almost universally respected 
for three quarters of a century. It has, however, happened that in the 
restriction of comprehensive genera one species after another has been 
taken out, usually by different authors, without any type being designated 
for the original genus. In other words, the restriction of the original genus 
to some one or more of its original components has often been a fortuitous 
or haphazard process, so that the final determination of the type can be made 
only through the so-called process of elimination. On the other hand, in 
not a few cases, the founder or some subsequent author has designated a 
type species for the original genus when removing its noncongeneric com¬ 
ponents. In this case, such an author is in a true sense the first reviser. 
The action in such instances is essentially different from the chance method 
of removing species at random until all may have been removed without 
any definite restriction of the original genus. The first reviser, in any true 
sense, is, therefore, the author who first formally and with definite intent 
designates a type species for a genus originally proposed without specifica¬ 
tion of a type, provided that he conforms also to the rule that the type must 
be one of the originally included species. 

Before the promulgation of the B. A. Code, various authors had begun 
to realize the necessity of definitely designated generic types, and not only 
specified the type species of their own genera when founding them, but also, 
in many cases, designated types for genera founded by other authors with¬ 
out specification of a type. As this, however, was before the existence of 
even the earliest of the modem codes, each author was a law unto him- 
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self in such matters. Hence the process varied from a definite designation 
of a type to the mention merely of one or more (often several) “typical 
species,’' which, in the latter case, were usually non-congeneric from the 
modem standpoint. Besides this, some authors formerly freely accepted 
genera from pre-Linnjean authors, as Moehring, Ray, Klein, and Gkjsner, 
and also felt under no restriction to confine their selection of types to the 
original elements of a genus. They placed their own interpretations upon 
the genera of preceding authors, with sometimes little regard for their 
original constituency, and selected the types for them entirely from their 
own sense of their fitness. Their action cannot therefore be considered as 
final in cases where it contravenes universally accepted modern canons of 
nomenclature. Among such writers in ornithology are Illiger, Vieillot, 
Vigors, Swainson, Bonaparte, G. R. Gray, and others. At this period of 
nomenclatural chaos (1S()0-1S42) authors felt free to cancel genera, even 
their own as well as those of their predecessors and contemporaries, or to 
transpose them to wholly different groups from those for which they were 
originally proposed. Altliough they were in a literal sense ‘first revisers,’ 
their revisions can b(* acceptc'd only in so far as they conform to modern 
rules of nomenclature. To illustrate by a specific case, (t. R. Gray pub¬ 
lished a ‘List of th(' Genera of Birds’ in 1840, in which, naturally, he listed 
the genera in accordance with his own ideas of tlieir scope and significance, 
placing in synonymy, or partial synonymy, such as he considered not entitled 
to recognition. He claimed to be guided rigidly by the rule of })riority, 
and designated a typ(^ for each genus he considered entitled to a place in 
systematic nomenclature. As, however, he took many generic names 
from Ray, and utilized also those of Moehring, and attributed many to 
Brisson which Brisson did not use in a generic sense, and took Linmean 
genera founded prior to 17oS from 1735 -1746), and changed also such as 
hacl been previously used in botany, it is impossible to adopt the ‘List’ 
en bloc as the work of an authoritative first reviser. Yet it is here that many 
names proposed by Lesson, Boie, Kaup, and Bonaparte, arc given definite 
standing by having spticies referred to them or by having their ty})es 
designated. Thus in dealing with Gray’s (1840) ‘List of Genera,’ it is 
necessary to treat ea(!h case on its merits as tested by modern rules of no¬ 
menclature. His pre-Linmean and wrongly attributed Brissonian names 
must be rejected, his elimination of names on the basis of prior use in botany 
ignored, and the necessary rectifications substituted where he designated 
species as types of genera wliich were not originally included in them. On 
the other hand, generic names (as some of licsson’s) proposed under verna¬ 
cular designations, or first published as nomina nvda (as some of Bona¬ 
parte’s), or without definite designation of type (as many of Lesson’s, 
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Swainson's Bonaparte’s, etc.), are here first pven definite significance, and 
here find their first proper introduction into nomenclature, on the basis of 
the work of a ‘first reviser.’ 

The ideal first reviser is the author who, in revising a heterotypic genus, 
subdivides it into minor groups (genera or subgenera as the case may be), 
explicitly designates one of the original species as the type of the restricted 
original genus, and also gives types for each of its subdivisions. Such 
revision must not only be respected as permanent, but renders the work of 
any further revision of the groups in question that may prove necessary 
free from nomenclatural complications. 

Unfortunately such clear-cut methods have been rare in systematic 
zoology, and almost wholly wanting prior to about 1840. Before this 
period other and looser methods prevailed, and it is unusual to find a first 
reviser whose work can be taken in the sense of a final decision. Yet where, 
in restricting groups and in designating types, any work stands the test 
of rules now practically universally accepted^ it should be taken as final. 

dray’s 1840 ‘List of Genera of Birds’ was the beginning of a new era 
in the matter of types of genera in ornithology. New editions of this work 
followed in 1841 and 1842, and a much more important edition appeared 
in 18.55^ in which many of the faults of the 1840 and earlier editions were 
eliminated. In this edition, he records all of the generic and subgeneric 
names previously published, so far as they were known to him (very few 
'were omitted), of which 2403 Averc formally ado})ted and a type for'each 
designated. Making allowance for the difference in point of view of 1855 
as compared with that of fifty years later, it is surprising to find how large 
a proportion of his type designations have been respected and have become, 
what arc sometimes termed, ‘types by general consent.’ In most cases 
of ‘types by general consent’ they prove to be the types designated by Gray 
in 1855, many of them running back to Gray’s ‘List’ of 1840, as will be 
shown in the following pages. 


Brissonian Genkra. 


A few modern systematists protest against the acceptance of Brisson’s 
genera, but on what seem very inadequate grounds. In the first place, 
Brisson’s genera have received almo.st universal approval for nearly one 


» That is, excluding the few temperamental kickers who will ignore any rule that is contrary 
to their personal tastes or preferences. 

s Catalogue of the Genera and Subgenera of Birds contained in the British Museum. Lon¬ 
don: Printed by order of the Trustees, 1865. 12 mo. pp. 192. 
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hundred and fifty years, and having thus become thoroughly assimilated 
as a part of the modern nomenclature of both mammals and birds, it seems 
hardly worth while to attempt to eradicate them at the expense of other¬ 
wise needless confusion. His great work on birds, in six large quarto 
volumes, exceptionally well illustrated for the period of publication, bears 
date 1760, and thus all appeared only two years after the publication of the 
10th edition of Linnseus’s ‘Systema Naturte,^ which was thus not accessible 
to Brisson during the preparation of his own work. He cites the earlier 
editions of Linnaeus throughout his six volumes, but only begins to cite the 
10th edition in the fifth volume, the others doubtless having already been 
printed.^ This was of course too late for Brisson to change radically his 
system of nomenclature, as his great work was written and partly printed 
before the inauguration of the binomial system. The chief criticism of 
Brisson’s work is the absence of binomiality in his nomenclature, the 
reason for which is evident. 

As an ornithologist and mammalogist Brisson's knowledge was greatly 
superior to that of his renowned contemporary, Linnaeus, or to that of any 
other author of his time. His treatment of these classes, particularly of 
the birds, is by far the most elaborate and thorough of any author of that 
period. His scheme of classification was original, rigidly systematic, 
and avoided many of the incongruities of grouping so conspicuous in the 
^Systema Naturae,’ which work, in point of classification and nomenclature, 
is superior to Brisson’s only in point of binomiality. As a rule, there is 
less trouble in identifying Brisson’s species than those of Liiineeus. Brisson 
had a clear conce})tion of the generic idea, and in many cases his generic 
groups are far more natural and better limited than those of Linnaeus. As 
evidence of the excellent character of his work, it may be recalled that the 
British Association Committee in adopting the twelfth edition of the ‘Sys- 
tema Naturae’ (1766) as the starting point for binomial nomenclature made 
an exception in favor of Brisson’s genera, published in 1760, and they have 
since, as before, been almost universally accepted. 

Brisson’s genera have one special feature in their favor, under the rule 
of tautonomy, inasmuch as the first species almost invariably bears the 
same name as its genus. It is doubtless owing to the recognition of this, 
until recently, uncodified principle of tautonomy, that the first species, in 
the case of Brissonian genera, has been recognized as the type. 

Brisson’s ‘ Ornithologie ’ comprises 112 genera, or nearly twice the 
number (64) given by Linnaeus in 1758. He recognized over 1300 species 
(1316), besides many varieties. In many cases phases of plumage were 

1 Indeed, Brisson states (Supplement, p. 4) that the lOtli edition did not reach him till long 
after the printing of his own work liad begun. 
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mistaken for distinct species, but in this respect he was a no greater sinner 
than Linnieus, who did the same thing on much the same scale, or than 
Gmelin, who in 1788 gave names to nearly all of Brisson’s species that had 
not been previously named, as did also Latham. In separating the birds 
into nearly twice as many genera as did Linnasus, his groups are to this 
extent the more natural, and avoid many of the grotesque associations of 
species adopted by I^innaiius. 

Some of Brisson’s genera are preoccupied by the genera of the 1758 
edition of the \Systema Naturie’; many others are the same, being the same 
as the Linnsean genera of 1748; of the large number of additional genera 
nearly all have been adopted by subsequent authors, and to-day are, in a 
restricted sense, a part of modern nomenclature. A few of these same 
groups were renamed by Linnaeus in 170B; in fact, nearly all of the new 
genera added by Linnanis in 17()r) are Brisson’s, with essentially the same 
limits. 

TTnfortunatcly many of Brisson’s spe(*ies names have been attributed 
to Brisson as generic names, and much of tin* criticism of Brisson’s generic 
names is due to this misuse of his nomenclature. If only such names as 
Brisson himself designated as gcmeric* arc considered as entitled to such 
recognition, much of the aversion to Brissonian genera becomes groundless. 


II, TYPES OF NORTH AMFJIICAN BIRD (iKXERA. ' 

In the following pages the genera and subgenera of the present (second) 
edition of the A. (). 1-. (lieck-Iast of North American Birds and its several 
Supplements are taken up in the systematic sequence of the Check-last, 
for the })urpose of showing how the types, as now currently accepted, came 
to be so recognized. The number of the originally contained species is 
stated, and generally a list of them is given, and in cases where the type 
was determined by (elimination, an attempt is made to show’ each step of 
the process. The original jdace of publication of each genus has been 
consulted in each case, wdth five exceptions, noted by placing the citation 
in marks of quotation. In nearly all of these five the type is obviously 
fixed ))y tautq|omy. 

It having been stated that in a number of instances the types have been 
erroneously determined, and that consequently a considerable number of 
the names for generic groups must be changed; and also that in such a 
rtwision practically the same number of changes would be required under 
the ‘first species rule’ as under ‘elimination,’ the results are shown for 
both methods in all cases w^here the determination of the type is not pro- 



286 


Bulletin American Mmeum of Natural History, [Vol. XXIIl, 


vided for by other rules.^ Generalizations from the data recorded in this 
systematic statement are deferred until after the facts are presented, and 
will constitute the closing section of the paper. 

In preparing the present paper on the types of North American bird 
genera, the work wa^s done de tijoih), without reference to the designation 
of types in the Check-List. It was thus a sur[>rise, on comparing my work, 
after it was finished, with the Cheek-List, to find in how few cases different 
results were reached. In only four cases, {Cyclorrhynchus, Phaleris, 
Procellaria, Ceophlwm) arc the current designations of genera changed, 
and, the genera affected being mostly monotypic, only four species are in¬ 
volved. In some four or five other instances, the type is changed by the 
action of the rule of taiitonomy, or it falls on a different but strictly can- 
generic species, so that in no case is a change of nomenclature necessary. 

In the course of the work, I naturally made frequent use of (L 11. Gray’s 
several ‘Catalogues’ of genera and subgenera, and finally became impressed 
with the great fre(][ueiicv with which the types of genera and subgenera as 
designated by him in 1840 to 1855 are still the currently accepted tyj>es. 
The agreement w^as of such striking frequency that finally after my manu¬ 
script was typewTitten and revised for publication, I comparted my results 
with Gray’s designations and inteqjolated, as an afterthought, **type as 
designated by Gray,” on the basis of his 1855 ‘Catalogue,’ as it now^ appears 
in the following pages, partly as information of general interest, and partly 
to show what an influence Gray has evidently had, as a ‘first reviser,’ in 
fixing genotypes in ornithology, and partly as an offset to the recent demand 
that all such w^ork must be ignored in order that free license may he accorded 
to a proposed ‘first sf)ccies rule.’ 

Of the genera published prior to 1855, the types, as now recognized, 
are the same for about 90 per cent, of the genera as those indicated as the 
types by Gray in 1855; in about half of the remaining cases Gray took as tyjies 
species not originally included in the genus. The discrepancy in the other 
cases is due to Gray’s point of departure for generic names, since in twenty 
instances he took genera (in th^ ease of those here alone concerned) from 
Moehring (1752) or from Linnieus prior to 1758 (1735-1748). It is hence 
surj)rising that so small a percentage of difference in type designation results. 

It is further of interest to note that Gray consistently employed the 
principle of tautonomy in designating types. In other cases it was obviously 

* III this connection it nmy be explained that ‘monotypic,^ as used In the following pages, 
is apTilied to all genera or siitigenera wriich had, at the time of founding, only one species referred 
to them, and includes, besides actually monotypic groups, a great many others to which many 
additional species w<Te later refen*ea. 

It should also be here stated that the types of the exotic genera cited in the tables of elimina¬ 
tion are taken in largi* part from such standard authorities as the British Museum * Catalogue 
of Birds' and Ri<lgway's ‘Birds of North and Middle America,’ but many have been verined 
by reference to the place of original publication. 
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his rule to take the first species of a generic or subgeneric group as its tyj)e, 
but he refrained from doing this when the first species had already been 
made the type of some other genus. In other words, he respected the 
work of his predecessors and exercised his preference for a first species type 
only when the field was clear for such choice. In case other species in 
addition to the first species had also been made types of genera, he selected 
his type from those remaining. 

Three evident facts are to be noted in reference to Gray\s work as a 
reviser: (1) the respect shown by later authors for his designated types; 
(2) his respect for the work of his predecessors in their w'ork of dismember¬ 
ing heterogeneous genera; and (3) his Recognition of tautonomy as a proper 
guide to an author’s intentions in founding genera. 

We have here also an obvious explanation of how it happens that the 
type species by elimination, or by action of the priority rule, is so often 
the first specie's. W’e can also derive, from the foregoing, an object lesson 
applicable to the present agitation for a rigid first species rule, open only 
to the exception of Linmean genera. Where the field is clear, or where 
no species has been designated as the type, it is perfectly proper, and pro¬ 
duces no confusion, to take the first species as the type; where, however, 
a type otlicr than the first s[)ecics has been designated as the type and is 
currently recognis^ed as such, it is not only a needless but ruthless innova¬ 
tion to bring in a new rule — a first species rule or any other — the enforce¬ 
ment of which will necessitate the overturning of long-established and 
universally accej)ted names. 


Family PODICIPETIIXF:. 


Genus iSchmophorus. 


Jichmophorus Couks, Proc. Acad. Nat. Sci. Phila., April, 1862, 229. 
2 .species, 1 of doubtful status. 

1. occiderUalu. 

2. cJorkii, prol)ably 9 of No. 1, 


Virtually monotypic, witli Podiceps ocridenialw r.<awr. as type by desig¬ 
nation. 


(ienus Colymbua. 


Colymbwi Linn.icus, Syst. Nat., ed. 10, 1758, 135; part, including 3 of the 4 
species. See also Gavin, 

Colymhus Buihson. Orn., VI, 1760, 33. 

Colymhis Linn, contained 4 species, repre.senting 3 genera and 2 orders, 
as follows: 
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1. arcticm, a sj^eoies of Mergus Briss. (not Linn. = Ora'll Forster, 1788). 

2. cristatua. 

3. aurilus. 

4. podiceps, type of PodUymbus Less. 1831. 

Nos. 1 and 4 are noncongeneric with each other and w^ith Nos. 2 and 3 which 
two are congeneric. No. 3 is the type of subgenus Dytes Kaup, 1829, leaving No. 2, 
cristatus, as type of the genus (and subgenus) Colyndms Linn, as restricted by Bris- 
son. 

Colymbus Brisson contained 11 nominal species, representing () valid 
species, all congem'ric from the standpoint of the Check-List, except one, 
as follows: 

1, 2, 4 = cnatatus Liim. 

3, 5, 7 = atirihis Linn. 

6 = mgrirollis l^rehin. 

8, 10 = podiceps Linn., type of PodUymbus Loss. 1831. 

9 = fiumaUHs Tunst. = ruficollis Pallas. 

11 = dortnnicus Limi.‘ 

Colymbus Brisson contained only Grebes, including Liunreiis’s three 
species and three others. Type, by tautonoiny, [(Udi/mhus] enlymbus Bris¬ 
son, the first species =Co///m/n/.s‘ crlsMus lann. 

With the removal of podirrps, the nnnaining five species are congeneric, 
on the basis of the ('lu‘ck-List and by general usage, but four of them have 
been made the ty])(\s of groups commonly ranked as subgenera, but which 
Sharpe in his Gland-List’ (Vol. 1, 1S99, pp. 113-115) treats as full genera, 
'riiey became types in the following order: 

auriius, type of Dylcs Kaup, 1829 (p. 41) 

nigrirollis, typo of Prodopiis Kaup, 1829 (p. 49). 

(Tistatus, type of Lophiathya Kaup, 1829 (p 72); ^^as already tyi>c of 
Colymhus Briss. 1700. 

flmwtilis, typo of Tarhyhaptus lioich. 1849. 

domintcus, not so})arable oven subgenorically from fluviatilis. 

In 1760 Brisson removed the Loons from the genus Colymbits to a new" 
genus Mergus (preocciipic'fl for a genus of Ducks) and retained the (irebes 
in Colymbus, thus se})arating for the first time these two widely distinct 
groups, l^his distinction was recognized by the subse(|uent early authors, 
several new^ names being prof)osed successively for the Ix)ons, while the 
Grebes wtr* retained in Colymhus. For the Loons, Mergus being unten¬ 
able, Forster proposed Cavia in 1788, Tvac^ptVle y>roposed Urinator in 1799, 
and in 1811 llliger proposed Eudytes as a substitute name for Urinafor, 
In 1872, Sundevall, in his ‘Tentamen’ (p. 138), also employed Eudytes for 

J These identifit ations of Hrissoii's .species are as given by Ogilvy-Grant in Hrit. Mils. Cat. 
Bds., XXVJ, 1898, where euch is duly synonymized. 
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the Loons and Colymhus for the Grebes, and treated Podweps Latham as a 
synonym of the restricted (Brissonian) genus Colymhus} Pallas, in 1811 
(Zoog. Rosso-As., II), again restricted Colymhus to the Grebes, while the 
Loons formed a section, “yl. Cepphi tetradactyli^^* of his genus Cepphus. 

Certain naturalists, more especially the English, have, however, per¬ 
sistently employed Colymhus for the Ivoons and other names for the Grebes, 
clearly without good reason, possibly following Ivathain, who, in 1787, 
proposed Podweps for the Greb(\s, and adopted ColymlyuJt (Latham, nec 
Linn.) for the lioons. German and Scandinavian ornithologists have 
commonly employed, down to the year 190(>, (‘ither Eudytes or JJrinator 
for the Ix>ons, and Oo/(/m/;M.v for the Grebes. Colynihus auct. j)lur., down 
to about 1830 or later, = Grebes. 

Subgenus D3rtes. 

Dyfrs Kacp, Skizz. Knt\v.-(ie.soh u. Nat. Syst. Kur. Thierw } 1829, 41. 

2 nominal species, Pod. cornuius et ai'cticus” ~ Colymhus auritus Linn. 

Monotypic, with Colymhus auritus Tann. as type. 

Subgenus Podiceps. 

Podvrps Lvthvm, (len Synop., 1787, 294. 

7 st)ecies, of which only 4 jire valid. 

1. rnstatus Linn., type of Colymhus Hriss. 1701), and of suhgjenus Lophai^ 
thya Kaiip, 1829 (p 72). 

2. unnafor Linn , same as No 1. 

8. auritus Linn., ty|)e of siibgenus Dylrs Kuup, 1829 (p. 41). 

4. uiyrkans Scop., same as No 3. 

5 ruficolhs = yrisviyena Bodd., type of subgciiiis PedciniXhya Kaup, 1829 
(}). 44); strictly congeneric with No 1 

0 nnuutus = fluviatdis Tunst. = rufirollis Pall., typ(^ of subgenus 
Tachyhaptus Beich. 1849. 

7. hehruktlis, same as No. 6. 

''Jypo, by elimination, Pixliceps minutus Lath. (17S7) = Colymhus flu- 
viafilis TiimutiiW (1771) ^Colymhus ruficollis Pallas (1764). As Podiceps 
is untenable for tlu' group so designated in the Check-List, Taehyhap^ 
tus (Rcichenbach, 1832, with same type) may be substituted. {Cf. Stone, 
Auk, XXIV, April, 1907, ]). 190.) 

In the Check-List Podweps was taken from Tiatham at 1790, instead 
of from its hrst plaee of publication at 1787. In 1790 the genus included 
13 speeu's instead of 7 as in 1787, of which 7 are valid. By elimination the 

* Among other things he says; “ Le noni Colymhus doit 6tre restitufi dans .son sens originairc, 
comme il le fut inir Hri.sson, 1760, et depnis par llhger. Nitscli, Naurnann, (lloger et pi., 
et les faux Colymhi, de Latham, pourrout etre iiunm^s Eudytes Ill.”— Sundevall, Tentamen, 
1872, p. LXIV. 

a This work Is often cited as Kaup, ‘ Nattirl. Syst 1829. 

L April, 1907.'I 
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type is still Colymlms minvtus Lath. = fluviatilis Tunst,, as given in the 
Check-List. 

I^athain’s Genus l^XXIX, Podiceps (Colynibus Linn.)'^ is a substitute 
name for Colymlms Linnaeus, and consists of what was left of that group 
after the Tioons were removed from it by Brisson. It is therefore* an exact 
synonym of the restricted genus Colymhvs Brisson of the Check-List. From 
the modem })oint of view, Latham had no right to reintroduce, on a later 
page, the name Colymhus (“Genus T^XXXVI, Colymlms*^ Latham) as a 
new genus for the I^oons, after making it a synonym of his own genus Por//- 
cep.9, to say nothing of Brisson’s having separated the Loons from the Grebes 
as a distinct genus in 1760, or twenty-seven years before. According to 
modern usage, in other similar cases, Podiceps has no standing, being a pure 
synonym of an earlier genus. 

Genus Podilymbus. 

Podilymbus Lesson, Trait<5 d’Orn., 1831, 595. 

Monotypic, with Colymlms podiceps IJnn. as type. 

Family GAVIIIX^L 
Genus Gavift. 

Colymhus Linn^.its, Syst. Nat., ed. 10, 1758,135; part, 1 only of the 4 species. 

Mergus BiiissoN, Orri. VI, 1760, 104; preoccupied. 

(iavia Forstek, Enchirid. Hist. Nat., 1788, 38. 

Type, as fixed by the A. O. U. Check-List C^oinraittee in 1SS6, Colymhus 
imber Gunn. 

Forster’s genera in the ‘Enchiridion’ rest on diagnoses alone, no species 
being cited as belonging to them. In the case of the Loons and Grebes, 
the diagnoses place the Gr(‘bes in the genus Colymhus and the Ivoons in a 
new genus Gavm, the first tenable generic name for the group (in j)lace of 
Mergus Briss. 1760). 

Gavia has been objected to on the ground that no speci(\s were referred 
to it; the diagnosis, however, excludes all species but the Loons, and the 
several species of Ix)ons are all congeneric. Forster makes three genera 
for diving birds, one for the Grebes (Colymhus)j one for the Auks, as then 
known (Uria)^ and one for the Loons (Gavia), the diagnoses of which are 
unequivocal and definitive, as follows;^ 

*^74. Colymhus, rostrum subulatum latcribus compressiusculum. Pedes lobati, 
Tibiae postice earinato-serratw. 

> In this transcript the contrasting features of the three groups are italicised. 
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‘*75. r/ria, rostrum subulatum, compressum. Pedes palmati, tridactyli, tibiis 
postice mutids [truncated or rounded, in contrast with the posteriorly strongly cari¬ 
nate tarsi in the other two groups]. 

“76. Gavia, rostrum subulatum, compressum. Pedes palmati, tetradactyli” 

Gavia appears to have been again first used in a generic sense by Gold- 
fuss in 1820 (Handb. der Zool., I, p. 208) for a group of Gulls {Larus marinus 
Linn, and L. imvius linn.) and in this sense is a synonym of the restricted 
genus Larus Linn. In order to provide for the determination of the type 
in the case of genera resting solely on a diagnosis, the revised (as yet unpub¬ 
lished) A. O. U. Code has a ruling to the effect that the type in such cases 
is to be determined by applying the usual rules ‘*to the genus as adopted 
by the first subsequent author who referred species to it/* to which evi¬ 
dently should be added: provided it was not used for species that do not 
conform to the diagnosis. The name is preoccupied for later use for species 
which are obviously not pertinent to the original diagnosis. Thus Gavia 
Goldfuss is a new genus, having notliing whatever to do with Gavia Forster, 
the species referred to it not belonging to even the same order of birds. 
It is therefon^ merely a new genus under a preoccupied name. 


Family ALCIIX^:. 
Genus Lunda. 


Lunda Pallas, Zoog. Rosso-As., II, 1811, 363. 

3 noiicongeneric species. 

1. rirrhata. 

2. arctica, type of Fratercula Briss. 1760. 

3. psiilacula, type of Phaleris Less. 1820, and of Cyclorrhynchus Kaup, 1829. 

Type, as designated by Gray (1840) and by elimination, Aka cirrhata 
Pallas, 17G9, the first species. 


Genus Fratercula. 

Fratercula Brishon, Orn., VI, 1760, 81. 

Monotypic, with \Fratercula\ fratercula — Aka arctica Linn, as 

type; also tautonyinic. 

Genus Oerorhinca. 

Cerorhinca Bonaparte, Ann. N. Y. Lyc. Nat. Hist., 1828, 427. 

Monotypic, with C. occidentalis Bonap. = Aka monocerata Pall, as 
type. 

Genus Ptychoramplius. 

Ptychoramphus Brandt, Bull. Acad. St. P^tersb., II, 1837, 347. 
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Monotypic*, with Uria aleutiea Pall, as type. 

Genus Oyclorrhynchus. 

Cyclorrhynehus Kaup, Skizz. Entw.-Gesch. Eur. Thierw., 1829. 155, 195. 

Monotypic, with Alca psittaculxi Pall, as type. 

Consequently Cydorrhynchus is a synonym of Pfialeris Tenun., 1820, 

q. V. 

Genus Simorhynchus. 

Simorhynchus Meiiukm, Ersch. and Gruber’s Eneycl., Section I, Vol. II, 1819, 405* 

2 noncongeneric species. 

1. crifttalm. 

2. psittacula, type of Tenun. 1820. 

Typo, as designated by Gray (1855) and by elimination, SintorItynchuff 
cristatus ^ Alca cridatclla Pall. It Is htmee a synonym of ^\Ethia ou 
/Ethya Dumont,” ISKi (l)ict. des Sci. nat., I, 1810, suppl., 71), ba.sed 
exclusively on the same two s[)ccies (C/. Stone, Auk, XXIV, April, 1907, 
p. 190). .Ethia will thus replace Simorhynchus in the Check-last. 

Subgenus Phaleris. 

Phalcris Temminck, Man. Orn . I, 1820, p. cxii. 

“Esp. (Aka psittacula adulte, et tetracula, jeunc)-- (Cristatetla adiilte, ct 
pygmea, jeune), les deux csp(H5es corinues du genre.” Hence: 

1. psittacula + tetracula juv. = Aka psittacula Pall. 

2. cristatcHa? = cristatclla Pallas, type of AJthia Dumont, 1816, and of 
Simorhynchus Merrem, 1819. 

3. pygmcat — Aka pyymcca GmeL, congeneric with No. 2. 

Type, as designated by (Jray (1840) and by elimination, Alca psiffacula 
Pallas, the first s[)ecies. (Not Aka pyyrnwa Gmel., as given in the A. O. U. 
Check-List, which species requires a new generic* name, which is supplied 
by Mr. Stone as Alcclla. (Cj. Stone, Auk, XXIV, April, 1907, p. 197). 

Subgenus Giceronia. 

Ckcronia Keichenbach. Syst. Av., 1852, p. hi. 

Monotypic, with Phalcris nodirosfris Bonap. = Uria pusilla Pall, as 
type. 

Genus Synthlyboramphus. 

Synlhlyboramphus Brandt. Bull. Acad. St. P^tersb., II, 1837, 347. 

2 congeneric species, 

1. anti(j[uus. 

2. temminckii — Uria wumizusume Temm. 

Type, as designated by Gray (1840) and by general consent, Alca 
antiqita Gmel., the first species. 
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Genus Brachyramphufl. 

Brachyramphw Bkandt, Bull, Acad, St. P^tersb., II, 1837, 346. 

4 species, representing two modern genera. 

1. marmoratus. 

2. wrangeli, same as No. 1. 

3. brachyptera = Alca antiqiui Gmel., a species of Simorhynchus Brandt^ 
described one page later in same i)aper. 

4. kittlitzii = brevirostris Vigors, 1828, congeneric with No. 1. 

Type, as designated by Gray (1840) and by general eonsent, Colymhm 
'marmmatus Gmel., the first species. 

Genus Cepphus. 

Cepphua P\LLAs, Spic. Zool., V, 1769, 33. 

Monotypu*, witli Cepp/tus larteolns Pall. sp. nov. = Alca grylle Linn. 
1766, as type. 

Genus Uria. 

Uria Bhisson, Orn., VT, 1760, 70. 

a 

Type, by tautonomy, [f7nVi] uria Briss. = (/ro/fe 1/mn., the 
first species. 

(lenus Alca. 

Alca Linnaoch, Syst. Nat., ed 10, 1, 1758, 130. 

6 species, representing 4 modern genera. 

1. lord a, 

2. impennw, type* of Plautua Brunn. 1772. 

3. arctica, type of Fraternda Briss. 1760. 

4. lomvm, a species of UHa Briss. 1760 

5. (jrylh\ a species of Uria Briss. 1760. 

6. a//c, type of AUc Link, 1806, 

Type, by elimination, .1/ca Umla I>inn., the first species. 

Genus Plautus. 

Plautus Bui'fNNiCH, Zool. Fund., 1772, 78. 

Monoty[)ic, with the Brillefuglen = Aim imjmmis Linn, as type. 
Plautus is based on an unmistakable diagnosis, with the addition, in 
the Danish translation on the opposite page, of the Danish vernacular 
name for the Garefowl or Great Auk. 

Gepus Alle. 

*^Alle Link, Beschr. Nat. 8amml. Univ. Rostock, I, 1806, 17.'^ [Not seen.] 
Type, by tautonomy, Alca alle Linn. 
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Family STERCORARIID.E. 

Genus Megalestris. 

Megalestris Bonapartk, Cat. Coll. Parzudarki, 3856, 11. 

Monotypic, with Megalestris catarrhaefes == Catharacta skua Briinn. 
as type. 

Genus Stercorarius. 

Stcrcorarius Brlsson, Oni, VI, 1760, 149. 

Type, by tautonorny, [Stercorarius] stercorarius Briss. = Lams parasita- 
€us Linn. The group (3 species) consisted only of the Jaeger Gulls. 

Family LARID.E. 

Genus Pagophila. 

Pagophila Kaup, Skizz. Elitw.-Gesch. Eur. Thieru., 1829, 69, 196. 

Monotypic, with Larus ebumetu Phipps = L. alhus Gunn, as type. 
Repiaoes Gavm Boie, 1822 (twice preoccupied), formerly employed in the 
Check-List. 

Genus Rissa. 

Rissa Stephkns, Gen. Zool, XIII, i, 1825, 180. 

Monotypic, with Rissa brunnichii = Larus fridacfyhis IJnn. 1758 
( = L, rissa et tridactijlus Linn. 1700) as type; also autonymic. 

Genus Larus. 

Larus Linn.®C8, Syst. Nat., ed. 10,1, 1758, 136. 

6 species, representing 3 (or 4) modem genera. 

1. tridactylvs, type of Rissa Stephens, 1825. 

2. conus. 

3. marinus, type of Gaina Goldfuss, 1820, of Leucus Kaup, 1829, and of 
Dominicanus Bnich, 1853. 

4. fuscus, type of ClupexLarus Bonap. 1857. 

5. atricUla, tyj)e of Chroicoccphalus Payton, 1837, and of some half-dozen 
other later “genera^’ or subgenera. 

6. parasiticus, type of Stercorarius Briss. 1760. 

Type, as designated by Gray (1855), by elimination, and by general 
•consent, Larus canus Linn., the second species. 

Some 25 to 30 or more generic or subgeneric names have been based 
on species now currently referred to Larus; canus is the only one of the 
original six species that has not been made the basis of a generic or a sub¬ 
generic name, some of them several times. Species 2, 3, 4, and 5 are cur¬ 
rently treated as congeneric; 3 and 4 (congeneric with 2) having been 
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made types (as also has the later described and strictly congeneric L, argenia- 
tus Briinn.), should take out canus with them. So that, strictly considered 
nothing has been left in the original genus Larus, The fact remains, how¬ 
ever, that all of these 30 or more genera are now currently treated as syno¬ 
nyms of Larus, which would leave cantes available as the type of Larus, as 
commonly recognized. 

Genus Rhodostethia. 

Rhodoatethia Macoillivray, Man, Brit. Orn., II, 1842, 252. 

Monotypic, with Larus rosea Macgill. as type. 

Genus Xema. 

Xema Lkach, Ross’s First Voy. Disc., App., 1819, p. Ivii. 

]Monotyf)ic, with Larus sahinvi I^ach as type. 

Genus Oreagrus. 

Creagrus Bonaparte, Naumannia, 1854, 211, 214. 

ISIonotypic, and type designated (p. 214) as **fttscatus [sic] Neboux, 
nec I.esson*’ — Larus furcatus Neboux. 

(knius Odiochelidon. 

Gelochelidon Brehm, Isis, 1830, 994. 

3 nominal species, = 1 valid species. 

1. (/. balthica Brehm = Sterna nilolka Hasselq. 1762 = Sterna anglica 
Montag. 1813. 

2. (r. agrnria Brehm, same as No. 1. 

3. tv. meridionalis Brehm, same as No. 1. 

^lonotypic, with Gehchelidon halihiea Brehm == Sterna nihtica Hasselq. 
as type. 

Genus Thalasseus. 

Thalasseus Boie, Isis, 1822, 563. 

3 noncongeneric specie.s. 

1. caspia. * 

2. cantiaca, type of Actochclidon Kaiip, 1829. 

2. anglica, type of Gelochelidon Brehm, 1830. 

Type, as designated by Gray (1840) and by elimination. Sterna caspia 
Pall., the first species. 

Genus Actochelidon. 

Actochelidon Kaup, Skizz. Entw.-Gesch. Eur. Thierw., 1829, 31. 

Monotyjiic, with Sterna cantiaca Gmelin as type. 
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Genus Sterna. 

Sterna Linnaeus, Syst. Nat., ed. 10, I, 1758, 137. 

3 noncongeneric species. 

1. etolida, type of Anous Stephens, 1826. 

2. hirundo. 

3. nigra, type of Hydrochelidon Boie, 1822. 

Type, by elimination, Sterna hirundo Linn., the second species, as 
designated l)y (rray (1S40) and as since commonly recognized. 

Suhgenus Stemula. 

Sternula Boik, J.sis. 1822, 563. 

Monotypic, with Sterna niiinitt Linn, as type. 

(ienus Onychoprion. 

Onychoprion Wacleh, Isis, 1832. 277. 

Monotypic, with Sterna serrata Wagler = Sterna fuJiyinom (rmel. as 
type. 

lialiplana Wagler, Isis, 1S32, 1224, is a synonvin, being monotyf)ic, 
with lialiplana fnUginom {—Sterna fuliyinosa Gm(‘l.) as type. 

(i<Mnis Hydrochelidon. 

Hydrochelidon Boie, I.sis, 1S22. 563 
2 congeneric species. 

1. nigra; 2, leucoptera. 

Type, Sterna nigra Linn., the first species, as dt'signated by Gray (1S55) 
and by general cons(*nt. 

Genus Anous. 

Anouft Stephens, (Jen. Zof)!., Xlll, i, 1826, 139. 

4 nominal vspecies. two of them phases of plumage of the same species. 

1. niger = Sterna Molida Jann. 

2 fuscatus — Sterna fa scat a hinn. — staltda Linn. 

3. plumbea Wils a species of Hydrochelidon Boie, 1822. 

4. ‘Ispadicea, based on a young l>ird of doubtful identity. 

Type, as designated by (iray (1840) and by elimination, Anous niger 
== Sterna stolida Linn., the first species. 

Family UIIYNCHOPID.E. 

Genus RhynchopB. 

Rhynchops Linn.eits, Syst. Nat., ed. 10, I, 17.58, 138. 

2 species, jiigra and futna, the latter not identifiable but supposed to be the same 
as nigra. 

Type, R. nigra Linn. Virtually monotypic. 



1907 .] 


Allen^ Types of Genera of North American Birds, 


297 


Family DIOMEDEIDi?^:. 

Genus Diomedea. 

Diirmedea LiNNiEUS, Syst. Nat., ed. 10, I, 1758, 132. 

2 species, belonging to different orders. 

1. exulans. 

2. demersus, typo of Spheniscus Briss. 1760. 

Type, as designated by Gray (1840) and by elimination, Diomedea 
exulans Ivinn., the first species. 

(lenus Thalassogeron. 

Thalnssogeron RiixjWAY, Bd., Br. and Bidgw., Water Birds N. Am., II, 1884, 357. 

^lonotypie, with Diomedea euhninala Gould as tyj)e by designation; 
to replace Thalassarche Reich. 1K52 (preoccupied), with same type. 

Genus Phoebetria. 

Ph(pbetria Syst. Av., 18.52, p. v. 

Monotypio, with Diomedea fuliginosa (irnel. as type. 

Family PR(MTRJARIID.E. 

(ienus Ossifraga. 

Ossifraga IIomukon & .Tacquinot, Comp. Rend., XVIII, 1844, 356. 

VIonotypic, with Proeellaria giganiea (imel. as type by designation. 
Preoccupie<l by Ossifraga W<K)d, ]<S35, and to be replaced by Macro- 
necies Richmond, 1905. (G/. Richmoinl, Proc. Biol. Soc. Wash., XVllI, 

1905. p. 70.) 

(ienus Daption. 

Daption Stephens, (Ion. Zool . XIII. i, 1825, 239. 

S species, representing 7 modern genera. 

1. capcnsis. 

2. antarchcum, type of Thahss(eca Reich. 1852. 

3. niveum, type of Pagodroma Boimp. 1855. 

4. dcmlatunif tyf>e of Pseudoprion ('oue.s, 1866. 

5. gelidum, not certainly identifiable. 

6. griseum, a species of Pujfmns Briss. 1760. 

7. album, a species of .fJstrehiia Bonap. 1855. 

8. fvliginosum, a s|iecies of Oceanoiiroma Reich. 1852. 

Type, as designated by Gray (1840) and by tdiniination, Proeellaria ca- 
pensis lann., the first species. 

Genus Fulmanis. 

Fulmarus Stephen.^, Gen. Zool., XIII, i, 1826, 233. 
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3 species, representing 3 genera. 

1. gladalis. 

2. antarcticus, type of Thalassceca Reich. 1852. 

3. giganieus, type of OnHifraga Hombr. & Jacq. 1844. 

Type, as designated by Gray (1855) and by elimination, Proeellaria 
ghmalis Linn., the first species. 

Genus Priocella. 

Priocella Hombkon & Jacquinot, (3onip. Rend., XVTII, 1844, 357. 

Monotypic, with Priocella garmjtii sp. nov. as type = Proccllaria glacinU 
oides Smith. 

Genus Puffinus. 

Puffinus Bbisson, Orn., VI, 1760, 131. 

Type, by tautonomy, [Pufpnus] puffinus Briss. = Proccllaria puffinus 
Briinn. 1764, and Linn. 1766 = Proccllaria {Nectris) anglorum Kuhl, 
1820, and of recent authors. 


(jcnu.s Pnofinus. 

Pru)finus Hombuon <fe Jacquinot, Comp. Rend., XVIII, 1844, 355. 

2 noncongeneric species. 

1. dnerea. 

2. oBquiTwctiaUs, type of Majmiwus Reich. 1852. 

Type, as designated liy Gray (1855) and by elimination, Proccllaria 
cinerea Gmel. the first sp(*cies. 

(h>nus iEstrelata. 

JEstrelata Bonaparte, Consp. Av., 18.56, 188. 

4 congeneric sf)ecies. 

1. diaholica (I’Henn ) — hasitata Kuhl. 

2. desolata (Cm.), a spe(‘ie.s of Prion Lacep. 1799. 

3. inexpeciata (Forst.), congeneric with No. 1. 

4. leucoccphala (Forst.) = lessoni Carnot, congeneric with No. 1. 

Type, as designated by Coues (1866) and by general consent, Proccllaria 
hasitata Kuhl, the first species. 

(xenus Bulweria. 

Bulweria Bonaparte, C’at. Metod. Ucc. Fmr., 1842, 81. 

Monotypic, with Proccllaria hulweri Jard. & Selby as type; hence also 
tautonymic. 

CRuuis Halocyptena. 

Halocyptena Coiies, Proc. Acad. Nat. Sci. Phila., March, 1864, 78. 

Monotypic, with Halocyptena microsoma (^.oues, sp. nov. as type. 
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Genus Procellaiia. 

Procellaria Linn^us, Syst. Nat., ed. 10,1, 1758, 131. 

3 species, representing 3 genera. 

1. pelagica, type of Thatassidroma Vigors, 1825. 

2. oeguinoctialiSf type of Majaqueus Reich. 1852. 

3. capensis, type of Daption Steph. 1826. 

Type, as designated by Gray (1840, not 1855) and by elimination. Pro- 
cellaria cequinoctialis linn., tlie second species; not P. pelagica Linn, as 
given in the Check-List. 

Thalassidroma (monotypic) will thus replace Procellaria of the Check- 
List, and Procellaria will replace Majaqueus, 

Genus Oceanodroma. 

Oceanodroma Reichknbach, Syst. Av., 1852, p. iv. 

Monotypic, with Procellaria furcafa Gmel. as type. 

Genus Oceanites. 

Oceanites Kkysehling & Blasiits, Wirb. Eur., I, 1840, xciii, 131, 238. 

Type, by tautonomy, **0. wihoni Bonap.'^ = Procellaria oceanica Kuhl. 

Genus Fregatta. 

FrvAjetta Bonaparte, Compt. Rend , XLI, 1855, 1113. 

Type, by designation, Thalmsidroma leucogastra Gould = Procellaria 
grallaria Vieill. 

Genus Pelagodroma. 

Pelagodroma Rkichenbach, Syst. Av., 1852, p. iv. 

Monotypic, witli Procellaria marina “Forsl.’' (= Lath.) as type. 

Family PHAETIIONTID.E. 

Genus Phaethon. 

Phaethon Linn.exts, Syst. Nat., ed. 10, I, 1758, 134. 

2 species, belonging to two widely different orders, 

1. (ethcreus. 

2. dernersus, type of Catarractes Briss. 1760. 

Type, as designated by Gray (1840) and by elimination, Phaethon 
cetkereus linn. 


Family SULTDiE. 


Genus Sula. 

Sula Brisson, Om. VI, 1760, 495. 

7 species (only 4 of them valid), representing 2 modem genera (SiUa and Fregata). 
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Type, by tautonoiny, [Sw/a] mda Briss. = Pclecanus siila Linn., the 
first species. 

Subgenus Dysponis. 

Dysporus Illiger, Prodr., 1811, 279. 

2 congeneric species, representing two modern subgenera. 

1. Pelecanus aula Linn., type of Sulo Briss. 1760. 

2. Pelecaiius haasanua Linn. 

I'yP^j <diinination, Pclecanus hassanus Linn. 

By the first species rule Dysporus is a synonym of Svhy having the 
same first species. If necessary to .separate Pclecanus hassanus from tlie 
P. sula group, respecting which u.sagc differs, Dysponis is tenable, under 
elimination, as a subgcncric* name for P, hassanus. Morus Vieill. 1816, 
recently brought forward to replace Dysjxmis (cf. Stone, Auk, XXIV, 
April, 1907, p. 194), is purely a substitute name for Sula, as shown by 
Vieillot\s use of it a few months later in another connection (Nouv. Diet. 
d^Hist. Nat., nouv. ed., Xll, 1817, pp. 35- 41), wdiere he included under it 
all the Gan I lets them known. 

Family ANHINGIDJv 
Genus Anhinga. 

Anhinga Brisson, Om.. VI, 1760, 476. 

Monotypic, with [Anhinya] anhinga Briss. {v\ Anhinga Maregrave) = 
Plotus anhinga Tiinn. as type; also tautonymic. 

Family PIIALAriK )Ci )RA(11).F. 

Genus Phalacrocorax. 

Phalacrocorax Brisson, Orn., VI, 1760, 611. 

2 congeneric sjiec ies. 

Type, by tautononiy, [P]talavrocora,r^ phalarrocora.v Briss. = Pclecanus 
carho 14 nn. 

Subgenus Compsohalieus. 

Compsohalieua Kidc.way, Bd , Hr. & Ridgw., Water Bds. X. Am.. II. 1884, 145. 

Monotypic, with Carho penicillatus Brandt as type*. 

Subgemus Urile. 

IJrile Bonaparte, Consp. Av., II, 1855, 175. 

3 species, 2 noncongeneric, 1 not identifiable. 

1. tncrislatua. 

2. penicillatufi. type of Compsohalieus Ridgw. 1884. 

3. egretta, not iclentifiahle. 

Type, by elimination, Phalacrocorax hicristatus Pall. — Pclecanus 
urile Gmel. (part); also tautonyinic. 
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Family PELECANID^. 

Genus Pelecantts. 

Pelecanus LiNNiEUS, Syst. Nat., ed. 10, I, 1758, 132. 

5 species, representing 4 modern genera. 

1. onocrotalus, type of Onocrotalus Brisson, 1760. 

2. aquiUi, type of Fregaia Cuv. 1799. 

3. carbo, type of Phalacrocorax Briss. 1760. 

4. bassanus, a species of Sula Briss. 1760, and type (by elimination) of 
subgenus Dysporus Ill, 1811. 

5. piscator, a species of Sula Briss. 1760, and type of Piscatrix Reich. 1850. 

Pelecanus of Linnaeus comprised four distinct groups: (1) Pelicans; 
(2) Frigate Birds; (3) Cormorants; (4) Gannets. Brisson gave generic 
names to three of them, in the following order: (1) Sula, in which was 
included the Frigate Bird under the name [S?^/a] fregata; (2) PJmlacrch 
corax, for the Cormorants; (3) Onocrotalus, for the Pelicans. Onocrotalus, 
being the last of the three groups in the order of treatment, may be con¬ 
strued Jis a synonym of Pelecanus I.,inn. the type of which is obviously the 
only species given by Linnseus of the modern genus Pelecanus, namely, 
Pelecanus onocrotalus Linn., as designated by (iray (1840-1855). Other¬ 
wise the type of Pelecanus would be P. aquila, as Fregata is tenable as a 
generic! name only fiom Cuvier (or I^ac^p^de), 1799. 

Subgenus Ojrrtopelicanus. 

Cyrtopelicanus Reichenbach, Syst. Av., 1852, p, vii. 

Monotypie, with Pelecanus trachyrhynchus Luth.= 7\ rrythrorhynchm 
Gmel. as type. 

Subgenus Leptopelicanus. 

Leptojx'licanus Reichenbach, Syst. Av., 1852, p. vii. 

Monoty})ic, with Pelecanus fuscus Gmel. = P. onocrotalus occklentalis 
Linn, as type. 


Family FREGATI1M5. 

Genus Fregata. 

Fregata Cuvier, Le 9 . d' Anat. Comp., I, 1799, tab. ii. 

Monotypie, with, the ‘‘Fr^'gate’' — Pelecanus aquilus I.inn. as t}^e. 

In the second edition of the A. O. Cheek-List the genus is wrongly 
taken from Brisson who did not use it in a generic sense, but only as a species 
name for species 6 of his genus Sula namely [Swto] fregata. The genus 
was properly accredited to Cuvier in the first edition of the Check-List. 
Fregaia has the same basis from Lac7'p^de (1799) and Dum^ril (1806). 



302 


Bulletin American Museum of Natural History, [Vol. XXIII 


Family ANATlDJi). 

Genus Merganser. 

Merganser Brisson, Orn. VI, 1760, 230. 

An exact synonym of Mergwt Linn. 1758, containing the same four 
species and nothing else. 

Genus Lophodytes. 

Lophodytes Keichenbach, Syst. Av., 1852, p. ix. 

Monotypic, with Mergus cucuUatm Linn, as type. 

Genus Mergus. 

Mergus Linnascs, Syst. Nat., ed. 10, 1758, 129. 

5 species, representing 3 modern genera. 

1. cucullatuSf type of Lophodytes Reich. 1852. 

2. merganser, congeneric with No. 3. 

3. serrator, type of Serrator Sprungli, 1784 (c/. Richmond, /. c.). 

4. aUtellus, type of Mergellus Selby, 1840. 

5. minutus, the same as No. 4. 

Type, by virtual tautonoiny, Mergus merganser Linn., the second 
species; Dr. Richmond has proposed (Proc. U. S. Nat. Mus., XXIV, 
1902, p. 715) to replace Mergus Linn, with Serrator Sprungli, 1784. The 
name merganser (== mergus -f- anser) is sufficiently taiitonymic to warrant 
taking this species as the type of Mergus, thus avoiding otherwise necessary 
changes. Both by elimination and the first species rule ciwuUatus would 
be the ty|>e. 

(jenus Anas. 

Anas LiNN^Am, Syst. Nat , ed. 10,1758, 122. 

39 species (of ^\hich 7 are invalid), representing about 25 modern genera. 

1. cygnus, type of Cygnus Bechet. 1803. 

2. cygnindes, type of Cygnopsis Brandt, 1836. 

3. tadornn, tyf)e of Tadorna Flem. 1822. 

4. spectahilis, often considered congeneric with No. 12, ty^^e of subgenus 
Erimwtta (\)ues, 1884. 

5. fusen, tyf>e of subgenus Melanitia Boie, 1822. 

6. nw/ru, tyj)e of Oidemia Fleming, 1822. 

7. anser, type of Anser Briss. 1760. 

8. erythropus, a species of Anser Briss. 1760. 

9. canadensis, congeneric with No. 11. 

10. ccerulescens, a species of Chen Boie, 1822. 

11. bernicla, type of Branta Scop. 1769. 

12. mollissima, type of Somateria Leach, 1819. 

13. moschata, type of Cairina Flem. 1822. 

14. bahamensis, type of Poecilonetta Eyton, 1838. 

15. atbeola, type of Bucephakt Baird, 1858 (preoccupied) = Charitonetta 
Stejn. 1885. 
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16. clypeata, type of Spatula Boie, 1822. 

17. platyrhynchoSy same as No. 16. 

18. strepera, type of Chauklasmits Bonap. 1838. 

19. hucephala, same as No. 15, cJ'* 

20. clanguUiy type of Clangula Oken, 1817 (c/. Stone, Auk, 1907, p. 191). 

21. rustirn, same as No. 15, 9 • 

22. perspiciUata, type of Pelionettn Kaup, 1829. 

23. glaucion, same as No. 20, 9 - 

24. penelope, type of Penelope Steph. 1824. 

25. acuta, type of Dafila Steph 1824. 

26. hyemalis, type of Harclda Steph. 1824. 

27. ferina, a species of Nyroca Flem. 1822. 

28. querquedula. type of Qucrquedula Steph. 1824. 

29. crecca, type of Xettion Kaup, 1829. 

30. hifnirvmiea, type of Histrumtcua Less. 1828. 

31. minuta, same as No. 30. 

32. circva, same jis No. 28. 

33. nutumnalisy a sjiecies of Dendrocygna Swains. 1837. 

34 boschas, type of Bosch/is Swains. 1831. 

35. adunea, .same as No. 34. domesticated. 

36 gnlerkulatii, ty{>e of Dendronessa Swains. 1831. 

37. sfwma, type of A lx Boie. 1828. 

38 (irhorea, a s]:)e(!ies of Dendrocygna Swains. 1837. 

39. fuligula, tyjie of Fuhgula Steph. 1824 = Mnrilu Oken, 1817 (apud 
Stone, /. c.). 

a.s (le.signatod by Ciray (1S40) and also by general consent for 
nearly a century, Jaa.? boschas Linn., the thirty-fourth species. 

The genus Anas Linn. 1758, affords an excellent illustration of the 
difficulties that may .sometimes ari.se in determining types by the so-called 
elimination method wliere a genus originally contained a Large number of 
sj)ecies. Anas had originally 39 .species, of which 7 were duplications, 
leaving 32 actual species, every one of which, in the cour.se of the ne.\t hun¬ 
dred years, became the tvja* of or congeneric with the type of some other 
genus or .subgenus, or in some cases of more than one. In 1831, Swainson 
(Faun. Bor.-Am., II, 1831, pp. 442-444) }>ropo.sed a ‘‘subgenus” Boschas 
for a group of hett'rogeneous s})ecies, including .Iwa’? domestica (= boschas 
Linn.), which, by the rule of tautonorny, would be the t\^e; at the same 
time (p. 439) Swainson restricted Anas lann. to Anas clypeatUy already 
the type of Spatula Boie, 1822. Subsequently four now currently recog¬ 
nized genera, and a numlK*r of subgenera, were based on other species of 
the original genus Anas remaining in it after boschas was nunoved. 

To take either of these as type would transfer Anas to most unfamiliar and 
unwelcome associations, inasmuch as Anas boschas and its immediate 
affines have been for nearly a century considered by ornithologists in general 
as constituting the restricted genus Anas, Repeatedly, prior to 1831, 
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boschas was definitively assigned as the type of Anas, a fact that must be 
considered in dealing vdtli Swainson\s subgenus Boschas. In other words, 
it is proper to consider Boschas as a pure synonym of the restricted genus 
Ancut, thus freeing the case of complications. 

(By the first species rule the type of Anas would be Anas cygnus Linn., 
the Common Swan.) 

(ienus Ohaulelasmus. 

Chaulelasmua Bonaparte, (leogr. and Ooinp. List, 1H38, 56. 

Monotypic, with Anas sirepera Linn, as ty})e. To replace Chauliodus 
Swains., 1S31, prc'occupied, with same type. 

Genus Mareca. 

Marcca Stephens, (Jen. ZooL, Xll, ii, 1824, 130. 

8 species, representing 4 jTiodeni genera 

1. fistularix = Anas pemlojje Linn. 

2. rndanura, of doubtful identification; commonly referred, with a ?, 
to No. 1. 

3. pcecilorhyncha, a species of .4nas, stric. 

4. americana, congeneric with No. 1. 

5. baharnensis, type of Pcecilonettn Eyton, 1838. 

6. hramhensis, a species of Xrttion Kaup, 1829. 

7. caj)ensis, a species of Nethon Kaup, 1829. 

8. glociians, a hybrid, probably of Widgeon and Teal. 

'^Type, as designated by (Jray (1840) and by elimination, Mareca fisfu^ 
laris Stepb. — Anas penclopr Linn., the first species; iilso figured as the 
typical representativ<‘ of the genu.s. 

Genus Nettion. 

Nettion Kaup, Skizz. Entw.-(Jesch. Eur. Thierw., 1829, 95, 19C. 

Monotypic, with Anas crccca Linn, as tyjx*. 

(Jenus Querquedula. 

Querquedula Stephens, Oen. Zool., Xll, ii, 1824, 142. 

8 species (3 of doubtful identification), representing 2 or 3 modern genera. 

1. circia (Tdmi. 1758, No. 28 = .4was querquedula Linn. 1758, No. 32). 

2. crccca, type of Ncthon Kaup, 1829. 

3. carolinermH, a sj)oeies of Nettion Kaup, 1829. 

4. disrors, congeneric with No. 1. 

5. formosa, a species of Nettion Kaup, 1829. 

6. hina, indeterniinable; variously identified. 

7. manillensis, doubtfully referred by Salvador! (Cat. Bds. Brit. Mas., 
XXVII, 1895, 147) to Dendrocygna viduata (Idrm.). 

8. novcB-hispanice, doubtfully refemid to No. 4. 
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Type, by elimination, Anas vircia Linn., wliich is figured as the typical 
representative of the genus; also type by tautonomy. 

According to Mr. Stone (Auk, XXIV, April, 1907, p. 191), Querquednla 
will date from S. G. Gmelin, 1770 (Reise durch Kussland, 1, 1770, p. 70), 
with the same type. An examination of Gmelin^s work shows that Qmrquc- 
diila is not use<l by Gineliti in either a taxonomic or in a proper noinencla- 
tural sense. Querquedula prima^’ and “Querqucdula secunda” are simply 
VVillughby’s names for these ducks, taken from Linnseiis’s ^ Fauna Suecica,’ 
coupled with the Liniia'an diagnoses, in place of (*iting, as he often docs in 
other cases, only a linmean diagnosis in phu^e of a Linntean binomial. 
It is a case perfectly parallel with that of Gavia, in the same work, discussed 
l)y me in ^The Auk* for 1901 (XVIII, p. 270). Both before and after the 
use of “Querqucdula” on p. 70, Gmelin uniformly employs Anns as the 
generic name of all the tlucks he has occasion to mention. Gmelin*s tech¬ 
nical names, throughout his * Reise,* la(‘k consistency, being in part diagno¬ 
ses from tlie ^ Fauna Suecica,* in part laiinHean binomials, and in part names 
from Brisson, Willughbv, and (lesner. 

Genus Gasarca. 

Casnrea I^onapaufk, Cteogr. and Comp. List, 1838, 56, 

Monotyi)ic, with Anas rntihi Pall, as type. 

Genus Spatula. 

Spatula lioiK, Isis, 1822, 504. 

^lonotypic, with Anas clypeafa Linn, as type. 

Genus Dafila. 

Dajila Stephkns, (5cn. Zool., XII, ii, 1824, 126. 

Monotypic, with Dafila caiidacuia Steph. = Anas acuta Linn, as type. 

Genus Aix. 

Air Hoik, Isis, 1828, 329. 

3 species, first and third sornetiinos regarded by recent authorities as congeneric 
(c/. Salvadori, ('at. Bds. Brit. Mus., XXVII, 1895, 73), or all as noncongeneric (r/. 
Sharp, Hand-list, I, 1899, pp. 209, 218). 

1. qaleneulfita, type of Dendromssa Swains. 1831. 

2. falcaria (Pall. 1776,/afcataOeorgi, 1775), type of EutieUa Bonap. 1856. 

3. spo7i8a. 

T^q^e, as designated by Gray (1840) and by elimination, Anas sponsa 
Linn., the last species. 

[In this connection must be consideriHl Dendromssa Swains. 1831, and 
Lampronessa Wagler, 1832. 
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Dendronessa Swainson, Faun. Bor. Anier., II, 1831, 446, 497. 

2 species. 

1. sponsa, p. 466; declared to be‘‘aberranton p. 497. 

2. galericulata, designated as the type, p. 497. 

Lampronessa Wacileu, Isis, 1832, Heft 3, 282. 

2 species. 

“Species: Anas spnnsa Linn.— Ana.s galericulata Linn.’' 

Lamprone.^sa is a synonym of Dendronessa Swains. LS31, containing the 
same .species, in the same order, and no others. Dendronessa does not 
come under the ‘first species’ rule, the type having been designated by the 
founder; but by the application of the first species rule to Ai.v, Dendronessa 
becomes a synonym of Aix, ami a new name would be requirc^d for the 
Wood Duck (vl/m.v sponsa T^inn.) by those who do not c*onsider it congeneric 
with the Mandarin Duck (.D?a.s‘ galericulata Linn.), for which Dendronessa 
Swains, would be otherwise available.] 

(Jenus Netta. 

Neita Kaitp, Skizz. Kutw.-ticsch. Eur. Thierw., 1829, 102, 196. 

Alonotypic, with Anas rnfina Pallas as ty}>t\ 

(Jenus N3rroca. 

Nyroca Flemincj, Philos Zool., 11, 1822, 200. 

4 species, 3 of which are congeneric. 

Anas ferina, Marita [,] nyroca, fuligulo.'' 

Type, by tautonomy, Anas nyroca (Jiildenst. 1769, the third species. 

Nyroca replaces Aythya (Boie, 1S22) of the (."heck-List, the latter being 
preoccupied by A^thia (or jEtItya) Dumont, LSI6. ((^f. Stone, Auk, XXIV, 

April, 1907, p. 190.) Aythya t)f Boie has the same four species, and [)Iaced 
in the same order, as Fleming’s Nyroca, with a fifth (additional) species 
Anas mersa Pall., a species of Erismatnra Bonap. 1S82. 

Subgenus Aristonetta. 

Aristonetla Baikd, Bds. N, Aincr., 1858, 793 (in text). 

Tentatively proposed, “for the canva.s-back”; Inmce inonotypic, with 
Arias imlUsneria Wils, as the ty[)e. 

Subgenus Fuligula. 

Fuliguln Stephens, Gen. Zool., XTI, ii, 1824, 189. 

14 spC/cies, reprcHcnting about 7 modern genera. 


1. 

cri^sfnia = Arm.s fuligula Linn. 

8. 

fulva, 

2. 

islandica, 

9. 

ferruginca, 

3. 

ferina, 

10. 

dispar, 

4. 

vallisnerut, 

11. 

caryophyllacca, 

6 . 

marila, 

12 . 

hicolor. 

6. 

nyroca, 

13. 

gmelini, 

7. 

dominica, 

14. 

7wvcp-zelandi<r, 
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Type, by tautonomy, as designated by Gray (1840), and also by the first 
species rule, Fuligula cristata Steph. = Anas fuligula Linn., the species 
figured to illustrate the genus. (According to Mr. Stone (Auk, XXIV, 
April, 1907, p. 191), Fuligula must be replaced by Marita Oken, 1817.) 

Genus Olangula. 

ClangiUa Lkach, Boss’s First Voy. Disc., 1819, App. II, p. xlviii. 

“Genus Clangula, Gesner (Garrot).” 

The only species mentioned, and the only one that called for notice in 
this connection, is ''Clangula glacialis (Northern Garrot).*’ Salvadori 
(Cat. Bds. Brit. Mus., XXVII, 1895, p. 376, footnote) is doubtless quite 
right in saying: ''Although lA^ach mentions Clangula glacialw only, the 
type of the genus is obviously Anas clangula Linn. In fact Leach has 
Clangula j from Gesner’s Clangula, French 'Garrot,* which is A. clangula 
Tann.” 

The type, by taiitonoinv, is evidently Anas clangula Linn. 

[Genus Glaucionetta. 

Glaucionetta STEJNEGioit, Proc, U. S. Nat. Muh., 1885, 409. 

Type, by designation, Anas clangula Tann. 1\) replace Clangula Leach 
1819, and so employed in the A. O. U. ('‘heck-last down to 1897. (See 
Eighth Suppl., Auk, XIV, Jan. 1897, p. 124.)] 

Genus Oharitonetta. 

Charitonetla Stejnegek, Oni. Expl. KamtHch., 1885, 163. 

Monotypi(’, with type, by designation, A7ias albeola Linn., a species 
commonly tn^ated as congeneric with .1. clangula Linn. 

Genus Harelda. 


Harelda Stephens, Gen. Zool., XII, ii, 1824, 174. 

Monotypic, with Harelda glacial is = A nos hyemalis 4* glacialis Linn., as 
type. 


Genus Histrionicus. 


Histrioniem Lesson, Man. d’Om., II, 1828, 415. 

Monotypic, with Anas histrionica lann. as type. 

Genus Oamptolaimus. 

Camptolaimus Guay, List Gen. Bds,, 1841, 95. 

Monotypic, with Anas labrwloria Ginel. as type by designation. Ante- 
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dated by Kamptorhynchus Eyton (Mon. Anat., 1838, p. 57) with same 
type. (Cf, Stone, Auk, XXIV, April, 1907, p. 191.) 

Genus Polysticta. 

Polysticla Eyton, Cat. lirit. Bds., 1836, 58. 

Monotypic, with P. stelleri — Anas stelhri Pall, as type. (Has slight 
priority over Polysticta Smith, 1836. Cj, Richmond, Proc. Biol. Soc, 
Wash., XVI, 1903, 128.) 


Genus Arctonetta. 

Arctonetta Guay, Proc. Zool. Soc. London, 1855 (Feb. 1856), 212. 

Monotypic, with Fuligula fisheri Brandt as type. To replace Lam- 
pronetta Brandt, 1847, because Lainpronefta is so near Lampronessa of 
Wagler,^’ 1832. 

Genus Somateria. 

Somateria Leach, Ross’s First Voy. Disc., 1819, App. II, p. xlviii. 

2 congeneric species. 

1. Somateria spertabilis, type of subgenus Erionetta Coues, 1884. 

2. ‘‘Somateria (Cuthbert’s Eider), commonly named the Eider Duck” = 
Eider or Outhbert Duck, Pennant (1776) and Latham (1785) = Anas 
cuMerli Pallas (part) = Somateria St, cvibberti Eyton = Somateria mol^ 
lissima borealis Brchm. 

Type, as designated by Gray (1840) and by elimination, Anas rnollissima 
Linn.; type by the first .species rule, Anas spectahiUs Linn.‘ 

Subgenus Erionetta. 

Erionctta Coues, Key N, Ainer. Bds., ed. 2, 1884, 709. 

Monotypic, with Anas specfabilis Linn, as type by designation. 

Genus Oidexnia. 

Oidemia Fleming, Philos. Zool., II, 1822, 260. 

2 noncongeneric species. 

1. nigra. 

2. fu.sca, type of subgenus Melanitta Boie, 1822. 

Type, as designated by Gray (1840) and by elimination, Anas nigra 
Linn., the first species. 

Subgenus Melanitta. 

Melanitta Bote, Isis, 1822, 564. 

3 noncongeneric species. 


» Since this paper was sent to the printer Mr. Stone has called my attention to the use of 

earlier connection (Thompson’s Annals of 
Philosophy, Vol XIII, Jan. 1819, p 60), where have the following: ^3. Somateria 
MolhsstnM (Outhbert s Eider). Baffin's Bay, Spitzbergen." As here used, Somateria is 
monotypic. 
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1. nigra, type of Oidemia Fleming, 1822. 

2. fusca. 

3. perspidllata, type of Pelionetta Kaup, 1829. 

Type, as designated by Gray (1840) and by elimination, Anas fusca 
Linn., the second species. 

By the first species rule MeUinitta is a synonym of Oidemia Flem. 1822,. 
3oth having the same first species. For this reason Mr. Stone has proposed 
Phwonetta, with same type, to replace Melanitta. (Cf. Auk, XXIV, April, 
L907, p. 198.) 

Subgenus Pelionetta. 

Pelionetta Kaup, Skizz. Entw.-Gesch. Eur. Thierw., 1829, 107, 196. 

Monotypic, with Anas perspicillatd Linn, as type. 

Genus Erismatora. 

Erismatura Bonaparte, Saggio Dist. Meth. Anim. Vertebr. a sangue fredo, 
1832, 85. 

Monotypic, to replace Oxyura Bonap. 1827 (not Oxyurus Swains.) 
vith the same type, == Fidigula ruhula Bonap. == Anas rubida Wilson = 
inas jamaicensis Gmel. 

Genus Komonyx. 

Nomonyx Riogway, Proc, U. S. Nat. Mus., 1880, 15. 

Monotypic, with Anas dominica Linn, as type. 

Genus Chen. 

Chen Boie, Isis, 1822, 563. 

> Monotypic, with Anser hyperhoreus Pallas as type. 

Subgenus Exanthemops. 

Exanthemops Elliot, Til. Bds. N. Am., II, pt. ix, 186S, pi. xliv. 

Monotypic, with Anser rossii Casa, (ex Baird MSS.) as type. 

Genus Anser. 

Anser Brisson, Orn. VI, 1760, 261. 

16 species (nominally); includes only Geese and Swans. 

Type, by tautonomy, Anser domesticus Gresner = Anas anser Linn. 

Genus Branta. 

BrarUa Scopoli, Ann. I, Hist. Nat., 1769, 67. 

4 noncongeneric species. 
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1. Branta hernicla Linn.” 

2. '' Branta moschata Linn.,” type of Cairina Fleming, 1822. 

3. ^^Branfa iarrida sp. nov.,” a hybrid, probably of Muscovy and Mallard. 

4. Branta nlbifrom sp. nov.,” a species of Anser Briss. 1760. 

Type by elimination, A?ias hernicla lann., the first species. 

Genus Philaete. 

Philacte Bannistek, Proc. Acad. Nat. Sci. Phila., 1870, 131. 

Monotypic, for Anas canayica Sevast. 

Genus Dendrocygna. 

Dendrocygna Swainson, Class. Bds., II, 1837, 365. 

2 congeneric species, arcvata and athorea. 

Type, as designated by Gra}" (1840) and })y general con.sent, Anas 
arcuata Horsf. (ex Ciiv. MSS.), the first species. 

Genus Olor. 


Oior Waglek, Isis, 1832, 1234. 

3 congeneric species. (1) musicus, (2) bewickii, (3) buccinator. 

Type, by inference, as designated by (^ray (1H40), and general usage, 
Ohr musicus ^Cygnus viusicus Bechst. = cygnus Linn, (part), 

the first species. 

Cygnus was here restricted by Wagler to Cygnus gibbus Bechst. = 
Anas olor Gmel., the two geiKTa, Olor and Cygnus, being separated on the 
basis of important anatomical differences. Under the rule of tautonomy, 
the names of the two groups should have been transposed, Cygnus taking 
the place of Ohr, and vice versa, but the enforcement of the rule is now 
obviously not permissible. 

Family PlIfENICOPTERID^E. 

Cienus PhoenicopteruB. 

Phoenicopterus Linnaeus, Syst. Nat., ed. 10, I, 1758, 139. 

Monotypic, with Phornicopteriis ruber Linn, as type. 

Family PLATALEID.E. 

Genus Ajaia. 

Ajaia Reichenbach, Syst. Av., 1852, p. xvi. 

Monotypic, with “Anlra ro.iea Barr.” == Platalea ajaja Linn, as type; 
also tautonymic. 
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Family IBIDIDiE. 

Genus Quara. 

Guara Reichenbach, Syst. Av., 1852, p. xiv. 

Monotyjuc, with Tantalus ruber linn. 1766 == Scolopax ruber 1758, 
as type. 

Cienus Plegadis. 

Plegadis Kaitp, Skizz. Entvv.-Gesch. Eur. Thierw., 1829, 82. 

Monot}T)io, with Tantalus fakinellus Linn. == Trinya autumnalis 
Ilasselq. as type. 


Family CKX)NII1>.«. 

C^rius Tantalus. 

Tantalus Linnaeus, Syst. Nat., ed. 10, 1758, 140. 

Monotypic, with 'Tantalus loculator linn, as type. 

Genus Mycteria. 

Mycierin Linn^xjh, Syst. Nat., ed. 10, 1758, 140. 

Monotypic, with Mycteria americana linn., as type. 

Family AUDElD/t:. 

(nmus Botaurus. 

Botaurus Stephens, (Jen. Zool., XI, ii, 1819, 592, 

7 species, representing 5 modern genera. 

1. stellans. 

2. lentiginosus, congeneric with No. 1. 

3. undulatus = pumtla lk)dd., type of Zebrilus Bonap. 1855. 

4. bradliensis, type of Tigrisoma Swains. 1827. 

5. flaimSy same as No. 4. 

6. senegalensis = ralloides Scop., type of Ardeola Boie, 1822. 

7. viresc^nsy a 8j)ecies of Butorides Blyth. 1849. 

Type, as designated by Gray (1840) and by general consent, Ardea 
stellaris Linn., the first species. 

The genus Botaurus has l)een wrongly ascribed to Brisson, who used 
the term merely as a species name for the twenty-fourth species of his genus 
Ardea, It has also been ascribed to Hermann, 1783, but Hermann used 
it merely in the text, passim, in a I.»atin work, and in a way that renders 
very doubtful the propriety of taking the name as a generic term from this 
source. 
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Genus Ardetta. 

Ardetta Gray, List Gen. Bds., 1842, App., 13. 

Type, by designation, Ardea minuta Linn.; also monotypic. Accord¬ 
ing to Mr. Stone (Auk, XXIV, April, 1907, p. 192) Ardetta is to be replaced 
by Ixobrychus Billberg, 1828. 

Genus Ardea. 

Ardea Linnaeus, Syst. Nat., cd. 10, 1758, 141. 

19 species, representing 14 modern genera, 2 orders, and 3 families. 

* Cristatcr. rostro vix capite longiore. 

1. pavonina, type of Balearica Briss. 1760. 

2. Virgo, type of Anthropoides Vieill. 1816. 

** Grues : capite calvo. 

3. canadensis, <!ongeneric with No. 4, 

4. grus, type of Grus Pall. 1767. 

5. americanus, type of subgenus Limnogrranus Sharpe, 1893. 

6. antufone, type of Antigone Reich. 1852. 

*** Ciconice. 

7. ciconia, type of Cwonia Briss. 1760. 

8. nigra, congeneric with No. 7. 

**** Ardea. 

9. nycticorax, type of Nyctvcorax Steph. 1819. 

10. cinerea. 

11. herodias, congeneric with No. 10. 

12. violacea, type of Nyctanassa Stejn, 1887. 

13. cwrulea, type of Florida Baird, 1858. 

14. striata, congeneric with No. 15. 

15. virescens, congeneric with type of Buloridf's Blyth. 1849. 

16. stellaris, tjpe of Botaurus Steph. 1819. 

17. alba, a species of Herodias Boie, 1822. 

18. ibis = buhulxus Audouin, tyj)e of Bubukus Bonap. 1854. 

19. cequin/)ctialis, doubtfully identifiable with Ardea rufa Bodd., the type 
of JXchromanassa Kidgw. 1878. 

Type, as designated by Gray (1840) and by elimination, Ardea cinerea 
Linn., the tenth species, and the only species which has not been taken as 
the type of some other genus or is not congeneric with species which have 
been taken as the types of other genera. By general consent. A, cinerea 
has been the type of Ardea h>r nearly a century. 

Genus Herodias. 

Herodias Boie, Isis, 1822, 559. 

2 noncongeneric species. 

1. egretla. 

2. garzetta, type nf Egretta Forster, 1817. 

Type, as designated by Gray (1840) and by elimination, Ardea egretta 
Gmel., the first species. 
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Genus Sgretta. 

Egretta Forster, Syst. Cat. Brit, Bds., 1817, 59. 

Monotypic, with Ardea garzetta Linn, as type. 

Genus Dichromanassa. 

Dichromanassa RiDowAr, Bull. U. S. Geol. and Geogr. Survey Terr. (Hayden) 
IV, 1878, 246. 

Monotypic, wdth Ardea rufa Linn, as type. 

Genu.s Hydranassa. 

Jlydranassa Baird, Bds. N. Amer., 1858, 660 (in text). 

Tentatively proposed for Ardea ludaviciana Wilson = Hydranassa 
tricolor rvficoUis (Gossc). 

(yenus Florida. 

Florida Baird, Bds. N. Amer., 1858, 671. 

ISIonotypio, with Ardea copruUa Linn, as type. 

Genus Butorides. 

JHutorides Blyth, Cat. Bds. As. Soc., 1849, 281. 

Monotypic, with Ardea jnvanica Hor.sf. as type. 

Gonm Nycticorax. 

Sycticorax Stephens, (ien, Zool., XI, ii. 1819, 608. 

4 species (2 of them nominal), repre.seiiting 2 modem genera. 

Type, by tautonomy, Nycticorax europeus Steph. = Ardea nyctlcorax 
Linn., wiiich is also the first species, and is figured to illu.strate the genus. 

(4eiiu8 Nyctanassa. 

Xyctaimam Stejneger, Proc. V. S. Nat. Mus., 1887, 295. 

^Monotypic, with Ardea vwlaeea Linn, as type. 

Family GRUIIXL. 

(renus Drug. 

Grus Pallas, Misc. Zool., 1766, 66; Spicel. Zool., fasc. iv, 1767. 

(hus w^as proposed by Pallas for a miscellaneous group of birds, the 
diagnosis of wdiich . .Capite gaudent plumosiore, quam Ardeae atque 
scepe vario ornatu insigni; ....”) apparently excludes the Oanes with 
bare heads referred by modern writers to the genus Grus. The only species 
mentioned by Pallas under Grus is Psophia crepitans Idnn. 
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By general consent, Grus has been accredited to Pallas by subsequent 
authbrs, with Ardea (jrus Linn, (as designated by Gray, 1840) as type. 
Dum^ril in 1806 (Zool. Analyt., p. 62 ) first restricted the genus to the group 
of Cranes with bare heads now alone included in (hus. 

Family ARAMIIX'E. 

Genus Aramus. 

Aramus Vieillot, Analyse, 1816, 58. 

Monotypic, with “Courliri, == Ardea scolopacea lann. as type. 

Family RALLID.E. 

Genus Rallus. 

Rallus Linn^us, Syst. Nat., ed. 10, I, 1758, 153. 

5 species, representing 5 genera, 3 families, and 3 orders. 

1. crex, the tyf)e of Crex Bechst. 1802. 

2. aqmtieua. 

3. lariformis = Sterna niyra Linn.. L c. j). 137, ty|>e of Hydrochelidon 
Boie, 1822. 

4. henghnlensus =- ScoIojmx eapentiv^ Linn 1766, type of Uostratulus 
Vieill. 1816. 

5. carolinus, a sj^ecies of Porzana Vieill. 1816. 

Type, by elimination, and as <lesignated by Gray (1840), Hallus aquati- 
cus Linn., the second species. This was the only spe(’i(\s included in Rallus 
by Bechstein in 1802 (Oni. '^Faschenb. Dciitfihl., 1802, p. 335). 

Genus Porzana. 

Porzana Vieili.ot, Analyse, 1816, 61. 

Monotypic, with the “Marouette, Buff.’'== Ra//?/.? porzana Linn., as 
type; hence also tautonymic. 

Genus Gotumicops. 

Coturnicops Bonaparte, Coinpt. Rend.. XLIIT, 18.56, .569. 

Monotypic, with Fulira novelmraccmh Gtnel. as type. 

Genus Oredscus. 

Credscus Cabanis, Journ. f. Orn , 18.56, 428. 

Monotypic, with Rallus jarnaicethsis Ginel. as type. 

(jenus Orex. 

Crex Bechstein, Om. Tascheiib. Deiitschl., 1802, 336. 
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Type, by tautonomy, Rallus crex Linn.; also monotypic. 

Genus lonomis. 

lonomis Reichenbach, Syst. Av., 1850, p. xxi. 

Monotypic, with Fulica martinica Linn, as type. 

Genus Qallinula. 

GaUinvla Bribson, Oni. VI, 1760, 2. 

Type, by tautonomy, [Gallinuld] gallinula Briss. == Fulica chloropus 
Linn., the first species. 

Genus Fulica. 

Fulica Linn^cs, Syst. Nat,, ed. 10, I, 1758, 152. 

4 species, representing 4 modern genera and 2 families. 

1. atra. 

2. chlorojyuR^ tyj:)e of Gallinula Briss., 1760. 

3. porphyria, type of Porphyrio Briss., 1760. 

4. spinosa = Parra variabilis Linn. 1766 (part), type of subgenus Asarcia 
Hhariie, 1896. 

Type, us designated by Gniy (1840) and by elimination, Fulica atra 
Linn., the first species. 

Family PHALAROPODID.E. 

Genus Orymophilus. 

Crymophilua Vieillo't, Analyse, 1816, 62. 

Monoty})ic, with “ Phalarope k festons dentel^.s, Buff.’’ = Tringa 
fulicaria Linn, as type. Crymophilus is hence a synonym of Phalaropits 
Hrisson, which has, by tautonomy, the same tyjie. (C/. Stone, Auk, XXIV, 
April, 1907, 190.) 

Genus PhalaropuB. 

Phalaropus Brisson, Orn. VI, 1760, 12. 

Type, by tautonomy, [Phalarvpus] phalaropus Briss. = Tringa fulwaria 
Linn., tlie first species. Phalaropus of the Check-List wdll he replaced by 
Lobipes Cuvier, 1817, with the same type. 

Genus Steganopus. 

SteganopUH Virillot, Nouv. Diet. d'Hist. Nat., XXXII, 1819, 136. 

Monotypic, with S. tricolor Vieill. sp. nov., as type.^ 

1 Tlirough the above changes In generic names, the Phalaropes will stand as follows (the 
Check-list equivalents In parentheses): 

222. Phalaropus fulicarius («» Crymophilua fulicarius). 

223. Lohipea lobahM (•« Phalaropua lobatua). 

224. Steyanopua tricolor (— Steganopus tricolor). 
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Family RECURVIROSTRIl\E. 

Genus Recurvirostra. 

Recurvirostra Linnj&^us, Syst. Nat., ed. 10, I, 1758, 151. 

Monotypic, with R. amceita Linn, as type. 

Genus Himantopus. 

Himantopus Brisson, Orn. V, 1760, 33. 

2 congeneric species. 

Type, by tautonomy, [Himaniojms] hiwcintopiis Briss, = Charadrius 
himantopus Linn. 


Family SCOLGPACIIXE. 

(xcnus Scolopax. 

Bcohpax LiNNifi’.us, Syst. Nat., ed. 10,1, 1758, 145. 

14 species, representing 6 modem genera. 

1. ruhray type of Guara Reich. 1852. 

2. alha, oongeneri(; with No. 1. 

3. fusca, young of No. 2. ' 

4. totanus, type of Totanus Bechst. 1803, 

5. arquala, type of Numenius Briss. 1760. 

6. phwopus, congeneric with No. 5; type of Phwopus Cuv'. 1817. 

7. rusticola, type of Ruslicola Vieill. 1816 = Scolojmx Koch, 1816. 

8. fedcKi, congeneric with No. 10. 

9. glottis, not positively determinable. 

10. Hmosa, type of Limosa Briss. 1760. 

11. gollmago, type of Galhvago Koch, 1816. 

12. lapponica, congeneric w’ith No. 10. 

13. (Bgocephalo, congeneric with No. 10. 

14. hcemantica, congeneric with No. 10. 

Type, by re.striction, a.s (je.signated by Gray (1840), and by general 
usage, Scolopax riistico/a Linn., the seventh species. 

Scolopax Linn, was restricted by Koch (Syst. Baier. Zool., I, 1816, p. 
310) to Scolopax rusiicolxi Linn. only. 

Genus Philohela. 

PhUohcla Gray, List Gen. Bds., 1841, 90. 

Monotypic, with Scolopax minor Gmel., as type; also type by designa¬ 
tion. 

Genus Gallinago. 

Gallinago Koch, Baier. Zool., I, 1816, 312. 

3 congeneric species, major, media, minor. 
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Type, by tautonomy, Gallinago media == Scolopax gallinago Linn., 
the second species. 

Genus Macrorhamphus. 

Macrorhamphus Foiister, Syst. Cat. Brit. Bds., 1817, 57. 

Monotypic, with Scolopax griseus Cimel. as type. 

Genus Bfiicropalama. 

Jl/icropa/awa Baird, N. Ani. Bds., 1858, 726. 

Monoty|)ic, with Tringa himantopm Bonap. as type. 

(xenus Tringa. 

Tringa Linn^us, Syst, Nat., ed, 10, I, 1758, 148. 

13 species, representing 11 modem genera, and 3 families. 

1. pugnaXf type of PavoncelUi Forster, 1817. 

2. vanellus, type of Vaneltus Briss. 1760. 

3. gambetta, not satisfactorily identifiable. 

4. interpres, type of Arenoria Briss. 1760. 

5. lolmta, type of Lobip('s Cuv. 1817. 

6. fulicarUiy tyj)e of PhaLarojma Briss. 1760. 

7. alpina, type of Pdidna Cuv. 1817. 

8. ochropuSy type of Helodromas Kaup, 1829. 

9. hypokucosy type of Actitis Ill. 1811. 

10. caniduHy type of CalidruH Cuv. 1817 (nec Illiger, 1811) and of Canutus 
Brehm, 1831. 

11. glarvoUiy type of Rhyacophilus Kaup, 1829. 

12. littarea, .same as No 1. 

13. squatarola, tyix? of Sqimtarola Cuv, 1817. 

Type, as designated by (iray (1840) and by elimination, Tringa canntm 
Linn., the tenth species. By all authors except Cuvier and Brehm, canutus 
has been retained in the restricted genus Tringa, ami regarded as its t}’pe. 

Genus Arquatella. 

ArquateUa Baird, IMs. N. Am., 1858, 714, 717. 

Monotypic, with Tringa maritima Brunn., as type. 

Genus Actodromas. 

Aciodromas Kaup, Skizz. Entw.-Gesch. Eur. Thierw,, 1829, 55, 

Monotypic, with Tringa minuia Ix^isler as type. 

Genus Felidna. 

Pelidna Cuvier, R^gne Anim., I, 1817, 490. 

2 noncongeneric species. 

1. ciinclus. 

2. svharquata, type of Antieylocheilus Kaup, 1829, 
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Type, by elimination, Totanus cinclus Linn. 1766 = T, alpina Linn.» 
1758, the first species. 

Genus Erolia. 

Erolia Vieillot, Analyse, 1816, 55, 69; Nouv. Diet. d’Hist. Nat., nouv. 6d.,. 
X, 1817, 409; Gal. des Ois., II, 1825, 88. 

Monotypic, with Erolia variegata sp. nov. = Trmga siibarquaia Temm. 
= Tringa ferruginea Briinn. as type. 

In the 10th Supplement to the Check-List (Auk, XX, 1903, p. 337), 
Erolia was substituted for Ancglocheilm Kaup, 1829, on the ground that 
Erolia variegata Vieill. = Tringa ferruginea Brtinn., 1764, “although 
described and figured by Vieillot as a three-toed species.’’ The genus 
Erolia has been rejected by Gray and nearly all other authors, in some 
cases on the ground that it was based on an avUi fic.y or on an artifact. 

Genus Eurynorhjmchus. 

Eurynorhynchuft Niksson, Orn. Suec., II, 1824, 29. 

Monotypic, with Eurynorkgnxihus griseiis Nilsson = Platalea pygvma 
Linn, as type. 

Genus Ereunetes. 

Ereumies Illioer, Prodr., 1811, 262. 

Monotypic, with E. petrificatus Ill. = Tringa pusilla Linn. 1766, as 
type. 

Genus Oalidris. 

CalidrU Illkieu, Prodr., 1811, 449. 

Monoty])i(!, with ''Charadrius oalidris Linn.” 1766, p. 255 = Tringa 
arenaria Linn. 1766, p. 251, as type; hence also tautonymic. 

In the Check-List Calldrls is taken from Cuvier, 1799, where, however, 
it is a nomen nudum; as first defined by Cuvier in 1817 (R^gn. Anim., 1,1817, 
p. 489) it is based on Tringa canutus Linn., but at this date the name was 
preoccupied by i^aiidris Ill, 1811. 

Genus Limosa. 

Limom Brisson, Orn., V, 1760, 261. 

8 species (7 valid), representing .3 modern genera; includes 4 of the 5 species 
of the modern genus Limosn. 

Type, by tautonoiny, [JAmosa] limom Briss. = Scohpax limosa Linn. 

Genus Totanus. 

Totanm Bechstein, Orn. Tashenb. Deutschl., 1803, 282. 

11 species, including 4 modem genera. 
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Type, by tautonomy, Scohpax totanus Linn. 

Genus Glottis. 

Glottis Koch, Baier. Zool., I, 1816, 304. 

2 noncongeneric species. 

1. natans = Totanus glottis Bechsfc. = Scohpax nebularius Gunn. 1767 
(= nec Scohpax ghttis Linn. 1758). 

2. stagnalis, a species of Totanus Bechst. 1803. 

Type, by tautonomy, and also by elimination, Scohpax nebularius 
Gunn., the first species. 

Genus Helodromas. 

Hehdromas Kaup, Skizz. Entw.-Gesch, Eur. Thierw., 1829, 144, 195. 

Monotypic, with Tringa ochropus TJnn. as type. 

Genus Symphemia. 

Symphemia Rakinesque, Journ. de Phys., LXXXVIII, 1819, 418. 

^^Type, T. semi-palmala que je nomine S. atlantica” = Trimja semipalmata 
Wils., type of Ereunetes III. 1811 (teste Richmond). 

Symphemia is thus a synonym of Ereunetes. For Symphemia of the 
A. O. U. Check-List Catoptrophorm Bonap. is available. ( 67 . Richmond, 
Proc. Biol. Soc. Wash., XVTII, 1905, 75.) 

[(lenus Gatoptrophonis. 

Catoptrophorus Bonapaiite, Ann. Lyc. Nat. Hist. New York, II, 1827, 323. 

Monotypic, with Totanus semi pal mains Temni. = Scohpax semipaU 
maia Grnel. as type.] 

Genus Heteractitis. 

Heteractitis Stejnegeii, Auk, 1, July, 1884, 236. 

Monotypic, with Scohpax ineanus Grnel. as type; to replace Ileterosce^ 
lus Baird, 1858, p. 734, pn^occupied, with the same type. 

Genus Pavoncella. 

Pavoncella Leach, Syst. Cat. Mamin, and Bds. Br. Mus., 1816, 29. 

Monotypic, with Tringa pugnax Linn., as type. There can be no 
doubt whatever that I^reach’s '*Paooncella pugnaxy Fighting Ruff,'' is the 
same bird as Cuvier's (R^gne Anim., I, 1817, p. 490) *‘Ies Combattans, 
machetes'' although in the latter case the name is associated with ^'Tringa 
pugnax Linn.," and in the former case there; is lack of this additional identi¬ 
fication. But the specific name pugnax has never been associated with 
any other species of Sandpiper. If all of loach’s genera in this work (/. c.) 
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are treated as nomina nudOf then Machetes Cuvier, 1817, with same type, 
will replace Pavoiicella. (Cf. Stone, Auk, XXIV, April, 1907, 195.) 


Cenus Bartramia. 


Bartramia IjEsson, Traitc d’Orii., 1831, 553. 

Monotypic, with B. laticauda lx\ss. — Tringa bartramia Wils. — Tringa 
longicavda B('chst. as type; also tautonyinie. 

(lenus Tryngites. 

Tnjngites (\\banis, Jourii. f Orii , 185G, 418 

Monotypic, with Tringa rnfcscrns Yieill. — T. suhruproUis Vieill. as 
type. 

(tciius Actitis. 

Actitis Tllkjek, Prodr . 1811, 262. 

4 species, representing 4 modern genera. 

1. Scolopdx limom Linn , type of Limom Briss. 1760 

2. “ iotanus Linn , type of Totativs Bechst. 1803. 

3. Trinya piignax Linn , type of Pavoncello Leach, 1816. 

4. “ hypolcuaus Linn. 

Type, by elimination, Tringa ligpolencos Linn., the last spe(*ies. (Actitis 
Boie, LS22 (Isis von Ok(‘n, p. 5()0), contained only the single species Tringa 
hypnlcuros Lin n.) 

By first species rule the type would he Scolopa.v limosa Ijnn., render¬ 
ing Actitis a synonym of Limosa Brisson, 1760, although ten of the twelv<‘ 
species contained in the two genera are different, and are now currently 
referred to five different genera. 


Genus Numenius. 

Numcnius Bhisson, Orn., V, 1760, 311. 

Type, by tautononiy, [Nmnenins] nnmenins Briss. = Scolopax arquata 
Linn. 


Family CHAUADRIIIXF:. 

Genus Vanellus. 

Vanellus Bhisson, Orn. V, 1760, 94. 

Type, by tautononiy, [Vanellm] iHineUus Briss. = Trhiga vanellus Linn. 
Genus Eadromias. 

Eudromias Brehm, Vog. DeutHchl., 1831, 544. 

3 nominal species = Charadrius marinellus lann. 
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Monotypic, with Charadrim morineUtis Linn., as type. 

Genus Sqoatarola. 

Squatarola Cuvier, R^gn. Anim., I, 1817, 467. 

Type, by tautonoiny, Tringa sqttatarola Linn.; also monotypic. 
Genus Oharadrius. 

Charadrius Linnaeus, Syst. Nat., ed. 10,1, 17.58, 1.50. 

11 species, representing 8 modem genera and 4 families. 

1. cristatus = vanellus Linn. 1766, type of VaneMus Briss. 1760. 

2. hiaticula, type of ^^gialitis Hoie, 1822. 

3. alexandrinus, congeneric with No. 2. 

4. vociferus, type of Oxyechua Reich. 18.53. 

5. (tgyptius, type of Pluvianus Vieill. 1816. 

G. morinellus, tyfie of Endromiatt Brehm, 1831. 

7. apricarius. 

8. plurialis, same as No 7 

9. (rdir7U‘mufi, type of (Edtcrwmus Temrn. 1815. 

10. himantopns, type of Hirnantopus Briss 1760. 

11. fipinosus, type of Hoplopterus Bonap. 1831. 

Type, by elimination, a.s designated by Gray (I<S40), and by general 
usage, C, apricarius Linn. (= plurialis lann.), the seventh .species. 

Genus Oxyechus. 

OxyechuN Reich k.vb\ch, Sy.st. Av., 18.52, p. xviii. 

Monotypic, with (^haradrius roeijrrus Linn, as type. 

Genus JEgialitis. 

.EgiaMifi Bouo, Isis, 1822, 558. 

3 congeneric specie.s. 

1. hiaticula. 

2. rantianus, congeneric with No. 1. 

3. minor, congeneric with No. 1. 

Type, as designated by Gray (18,5.5), and by general (‘onsent, Charadrius 
hiaticula Linn. 


Genus Ochthodromus. 

Ochlhodromm Rkichenbach, Syst. Av., 18,52, p, xviii. 

Monotypic, with Charadrius udisouius Ord as type. 

Genus Podasocys. 

Podasocys Coues, Proc. Acad. Nat. Sci. Phila., 1866, 96. 

Monotypic, with Charadrius rmntanus Towns, as type. 

[April, 1907.'] St 
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Family APHRIZIIX^.. 

(Teiius Aphriza. 

Aphriza Aitditbon, Orii. Biog., V, 1839, 249, 251 (in text). 

Monotypic, with A. townsendi Aud. = Tringa virgata Gmel. as type. 
Genus Arenaria. 

Arenariu Brisson, Orn., V, 1760, 132. 

Monotyjuc, with [Arenaria] arenaria Briss. = Tringa interpres Linn, 
as type; also tautonymic. 

Family ILEMATOPODIIXF. 

Genus Hsematopus. 

Hoematopus Linn^kus, Syst. Nat., ed. 10, I, 1758, 152. 

Monotypic, with II. ostralegns Linn, as type. 

Family JAC^ANID.E. 

(renus Jacana. 

Jacana Brisson, Orn., V, 1760, 121. 

Type, by tautonomy, [Jacana] jacana -f Jacana armala jusca Briss. = 
Parra jacana Linn. (Not Fulica spinosa Linn., as formerly given in the 
Check-Iiist.) 

Subgenus Asarcia. 

Asarcia Sharpe, Oat. Bds. Brit. Mus., XXIV, 1896, 86. 

Monotypic, with J^irra varkihUis Linn. 17GG = Fulica spinosa Linn. 
1758, as tyf)e. 

Family TETRAONID.E. 

Cbmus Golinus. 

Colinm Goldfuss, llandb. Zool., II, 1820, 220. 

Monotypic, with nwjricana. Caille de la Louisiana. PI. 

Enl. 149, Frisch, t. 113” = Tcfrao virginianus Linn, as type. 

Genus Oreortyx. 

Oreortyx Baird, Bds. N. Ain., 1858, 642. 

Monotypic, with OrUjjr pictns Douglas as type. 

Genus Gallipepla. 

Callipepla Wagleu, Isis, 1832, 277. 
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Monotypic, with C. strenua Wagler = Ortyx aquamatus Vig. as type. 

Genus Lophortjrx. 

Lophortyx Bonaparte, Geogr. and Comp. List, 1838, 42, 

2 congeneric species, Tetrao califomicm Shaw, and Ortyx douglasi Vigors. 

Type, as designated by Gray (1840) and by general consent, Tetrao 
califomicus Shaw, the first species. 

Genus G3rrton3rx. 

Cyrtonyx Gould, Mon. Odontoph., pll. vii, and viii, 1844, and Introd., 1850, 14. 

2 congeneric species, Ortyx massena. Less. = O. montezumcB Vig., and O. ocellatus 
Gould. 

Type, as designated by Gray (1855) and by general consent, O.monte- 
zumoB Vig., the first species. 

Genus Dendragopus. 

Dendragopus Elliot, Proo. Acad. Nat. Sci. Phila., 1864, 23. 

Monotypic, with Tetrao obscnrua Say as type. 

Genus Ganachites. 

Canachites Stejneoeu, Proc. U. S. Nat. Mus., 1885, 410. 

To noplace Canace Reich. 1852, preoccupied, with type by designation, 
Tetrao canadensis Linn. 

Genus Bonasa. 

Bonasa Stephens, (ien. Zool., XI, ii, 1819, 298. 

2 noncongeneric species. 

1. Tetrao cupido Linn., type of Tympanuchus Gloger, 1842. 

2. ‘‘ umbellus Linn. 

Type, as designated by Gray (1840) and by elimination, Tetrao nmhellus 
Linn.; type by first species rule T. cnpido Linn., rendering Tympamwhus 
a synonym and a new name necessary for the group in the A. O. U, 
Check-List now universally recognized as Bonasa, (Mr. Stone has pro¬ 
posed, Auk, XXIV, April, 1907, 198, to replace it with Hylohronfes nom. nov.) 

Genus Lagopus. 

Lagopus Brisson, Orn., I, 1760, 181. 

Type, by tautonomy, [Lagopus] lagopus Briss. = Tetrao lagopus IJnn., 
the twelfth and last species of the genus. 

Genus Tympanuchus. 

Tympanuchus Gloger, Gemein. Hand, und Hilfsbuch Naturg., 1842, 396. 

Monotypic, with Tympanuchus cupido Gloger (“Cupidohuhn’*) «= 
Tetrao cupido Linn, as type. 
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(renus PedioBcetes. 

PeduBcetes Baird, Bcls. N. Am., 1858, 625. 

Monotypic, with Tetrao phasmnellus Linn, as type. 

Genus Gentarocercus. 

Centrocercm Swainson, Faun. Bor.-Am., II, 1831 (1832), xxviii, xxxiv,^358, 
361, 496. 

2 noncongeneric species. 

1. Tetrao urophasianus Bonap. 

2. Tetrao phasmneUus Linn. 

Type, as designated liy the founder, Tetrao urophnsianus Linn., the 
first species. 

[(jenus Tetrao. 

Tetrao Linn^us, Syst. Nat., ed. 10, I, 1758, 159. 

13 species, representing 12 modern genera. 

1. urogallufi, type of Urogallus Scopoli, 1777, and of Homing, 1822. 

2. tetrix, type of Lyrurus Swains. 1832. 

3. canadensis, type of Canace Reich. 1852. 

4. layopus, type of Lagopus Briss. 1760. 

5. phasianellus, type of PedieecMes Bd. 1858. 

6. cupido, type of Tympinuchus (Hog 1842. 

7. honasia, type ol Tetrastes Keys. & Bias. 1840. 

8. rujus, congeneric with Caccabis Kaup, 1829. 

9. perdix, type of Perdix Briss. 1760. 

10. virginia,nus, type of Colinus (loldfuss, 1820. 

11. marilandicus, same as No. 10. 

12. orienUihs, type of Pterocles Temm. 1815. 

13. cotumix, type of Coturnix Bonn. 1791. 

Type, by tautonoiny, Tetrao tetrix Linn., tetrix being the Greek equiva¬ 
lent of the I^atin tetrao^ 


Family PHASIANllXE. 

(Jenus Meleagris. 

Meleagris Linn.eos, Syst. Nat., ed. 10, I, 1758, 156. 

3 noncongeneric specic.s. 

1. gallopavo. 

2. cristata, a species of Penelope Merrem, 1786. 

3. satyra, type of Tragopan Cuvier, 1829. 

Type, as designated by Gray (1840) and by elimination, M. gallopavo 
Linn., the first species. (By tautonomy Gallopavo Brisson, 1760, is a 
synonym of Meleagris; ^its two species are also among the original con¬ 
stituents of Meleagris.) 
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Family CRACIDiE. 

Genus Ortalis. 

^'Ortalis Merrem, Av. Rar. Icon, et Descrip., II, 1786, 40.” 

Not seen. In the German edition of the same date, ‘ Beytrilge zur besonderen 
Geschichte der V6gel,^ II, 1786, Penelope only is used. 

Type, as designated by Gray (1840) and by general consent, Phasianus 
motmot Linn. 

Family COLUMBID^.. 

Genus Oolumba. 

Columha Linn^^us, Syst. Nat., ed. 10, I, 1758, 162. 

22 species, representing 11 modern genera, with 8 species apparently unidenti¬ 
fiable. 

1. aenas, eenas domestica, composite; not cenas Linn. 1761 = C. livia 
Bonnat. 1790. 

2. guiturosa, not identifiable. 

3. cucullata, not identifiable. 

4. turhita, not identifiable. 

5. tremuia, not identifiable — laticavda Linn. 1766. 

6 iahellaria, not identifiable. 

7. montana, a species of Geolrygon Oosse, 1847. 

8. ani(iiica, not identifiable, 

9. guinea, congeneric with No. 1. 

10. hispamca, not identifiable. 

11. palumbus, congeneric with No. 1; also type of Palumbus Kaup, 1829. 

12. cyanocephala, type of Stamtenas Boiiap. 1838. 

13. leucocephah, congeneric with No. 1; also type of Patagiwnas Reich. 
1852. 

14. leuroptern, type of Melopelia Bonap. 1854. 

15. nicobarica, type of CnUenas Gray, 1840. 

16. macroura, composite, containing types of both Ectopietes Swains. 
1827, and Zenavdura Bonap. 1854. 

17. sinica — striata Linn. 1766, type of Geopelia Swains. 1837. 

18. imiica, type of Chalcophaps Gould, 1843. 

19. hisjmia, not identifiable. 

20. turtur, type of Turtur Selby, 1835. 

21. risoria, type of Strcptopelia Bonap. 1854. 

22. passerina, type of ColumbigaUina Boie, 1826 (not of Oken, 1817) and 
of Chamcepelia Swains. 1827. 

Type, by elimination, as designated by Gray (1855), and by general 
consjent, Columha livia Bonnat. 1790 = C. cenas L. in part (=C. opnas 
domestica L.). 
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Genus Ectopistes. 

Ectopistes SwAiNSON, Zool. Journ., Ill, Aug.-Nov., 1827, 362; Class. Bds., II, 
1837, 348. 

2 species, as follows: “Types, Col spedoaa ? Temm. 2. Col migratoria Linn.'^ 
Later (1837) the author restricted the genus by eliminating Col speciosa, and 
retaining only *‘E, migratoria^ Wilson, pi. 44, f. 1.” 

Hence: Type, as designated by Gray (1840), and by restriction and 
subsequent (1837) designation f)y the original author. No. 2, Columba mi¬ 
gratoria Linn. 

By the first species rule, Ectopistes would be a synonym of Columba 
Linn., speciosa being a species of the restricted genus Columba^ and a new 
name would be required for the group universally recognized for more 
than half a century as Ectopistes. Although a ? follows the name speciosa, 
the diagnosis, '‘tail rounded or cuneated,’’ implies that a species of the 
speciosa type was intended to be included in the genus when it was originally 
proposed. (C/. Salvadori, Gat. Bds. Brit. Mus., XXI, p. 369, footnote.) 

Genus Zenaidura. 

Zenaidura Bonaparte, Consp Av., II, Dec. 1854, 84. 

Monotypic (2 spp. bul the second is a synonym of the other), with 
Columha carolimms'is Linn, as type. 

Genus Zenaida. 

Zenaidura Bonaparte, Geogr. and Comp. List, 1838, 41. 

2 noncongeneric species. 

1. Zenaida amabalis Bonap.= Columba zenaida Bonap. 

2. Zenaida niontana (Linn.), a sjiecies of Geotrygon Gosse, 1847. 

Type, by tautonomy, and also by elimination, Columba zenaida Bonap., 
the first species. 

Genus Leptotila. 

Leptotila Swainson, Class. Bds., II, 1837, 349. 

Moiiotyi^ic, with J^eristera] ritjaxilla Selby as type. 

Genus Meiopelia. 

Melopelia Bonaparte, Consp Av., Dec. 1854, 81. 

2 congeneric species, Columha leucoplera Linn, and C. mdloda Tsch. 

Type, by general usage, Columba kucoptera Linn., the first species. 
(Gray, in 1855, designated as the type the second species, Columba meloda 
Tsch.) 
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Genus OhAmepelia. 

Chmnepelia Swainson, Zool. Joum., Ill, Aug.-Nov., 3<W. 

2 species, Columba paaserina Linn, and C. Mpmsmma Temm. 

Type, as designated by Gray (1855) and by elimination, Columba 
passerina linn., the first species, C, squamosa being the type of Scardafella 
Bonap. 1854, 

To replace *^Columbigallina Vaill.*’ Boie, Isis, 1826, p. 977 (not of Oken, 
1817), of the Check-List, with the same type. (Cf. Stone, Auk, XXIV, 
April, 1907, p. 192.) 

Genus Scardafella. 

Scardafella Bonaparte, Coiisp. Av., II, Dec. 1854, 85. 

2 congeneric species, Columba squamosa Tenim. and Chamcepelia inca Less. 

Type, as designated by Gray (1855) and by general usage, Columba 
squanmsa Temm., the first species. 

Genus deotrygon. 

Geoirygon Gosse, Bds, Jamaica, 1847, 316. 

2 congeneric species. 

], Geotrygon sylvatica Gosse = Columba cristafa Temm. & Knip. 

2. Columba montana Linn. 

Type, by implication, as designated by Gray in 1855, and by general 
usage, Geotrygon sylvatica Gosse = Columba cristata Temm. &' Knip 
(not Columba cristata Ginel. 1788 = Phasiarius roulroul Scop. 1786). 

The proper name of Geotrygon cristata is apparently G, versicolor (Lafr.) 
= Columba versicohr Lafr., Rev. Zool., 1846, p. 321. 

Genus Stamocnas. 

Starnwnas Bonaparte, Geogr. and Comp. List, 1838, 41. 

Mont)typic, with Columba cyatiocephala Linn, as type. 

Family CATHARTIDiE. 

Genus d3rmnogyps. 

^'Qymnogyps Lesson, Echo du Monde savant, ser. 2, VI, 1842, 1037.” (Not 
seen; cf. Richmond, Condor, III, 1901, 49.) 

Monotypic, with Vultur Californian us Shaw as type. 

Genus Gathartes. 

Catharies Illiger, Prodr., 1811, 236. 

2 noncongeneric species. 

1. VvUur papa Linn., type of Gypagus Vieill. 1816. 

2. ” aura Linn. 
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Type, as designated by Vigors (1825) and by elimination, Vultur aura 
Linn., the second species. 

By the first species rule, papa is the type of Caihartes and some other 
generic designation must be employed for aura. (Mr. Stone revives Rhi- 
nogryphus Ridgw. 1874, to replace Caihartes of the Check-List. Cf. Auk, 
XXIV, April, 1907. 198.) 

Genus Gathaiista. 

Catharista Vieillot, Analyse, 1816, 21. 

2 species, and two sections. 

1. Vautovr urufm — Vultur urvhu Vieill. 1807. 

2. Aura, Sonnini, ^‘dit. de Buffon ^^Vultur aura Linn., type of Caihartes 
111. 1811. 

Type, by elimination, Vultur iiruhii Vieill. 1807 — Catharista uruhu 
Vieill. 1817, the first species. 

Genus 03rpagus. 

Gypagus Vieillot, .Analyse, 1816, 21. 

2 species, 2 sections. (1) ‘'Roi d(is Vautours, Buff.” = Vultur ftapa Linn.; (2) 
Vultur gryffus Lath.” = gryphus Linn , type of Gryphus Bonap. 1854. 

Type, by elimination, Vultur papa Linn., the first species. 

By the first sjiecies rul(‘, (hjpaguft is a synonym of Sarcorhnmphus 
Dum. 1806, and of Cathartes 111. 1811, each having the same first species. 

Family FALCONllLE. 

Genus Elanoides. 

Elanoidfs Vieii.lot, Nouv. Diet. d’Hist. Nat., XXIV, 1818, 101. 

Monotypic, with “Les Milans de la Caroline et du Paraguay^’ = Faleo 
furcatus Linn. 17()() ~ Faleo forfiratus Linn. 1758, as type. 

Genus Elanus. 

^^Elanus Savkjnv, Dcscr. de Tfigypte, Ois., 1800, 97”; Ois. dc I’figypte et de la 
Syrie, 1810, 9, 87. (The 1809 work not seen by me.) 

Monotypic, with Flanm raisins Savig. = Faleo mnlanopterus Daudin 
at type. 

Genus Ictinia. 

Ictinia Vieillot, Analyse, 1816 , 24 . 

Monotypic, with “Milan-Cressendl, Vieill. Oiscaux dc TAra^r. sept.,^^ 
I, 1807, 38, pi. 10 his = Milvus cetwhris Vieill., /. c. = Faleo plumbeus 
Gmel. as type. (Not Faleo mississippiensis Wilson, as designated by Gray 
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(1855) and as given in the Cheek-List. In 1840 Gray gave plumhem as 
the type.) 

Genus RoBtrhamus. 

Rostrhamus Lesson, Trait6 d’Om.,. 18:^1, 55. 

Monotypic, with R, niger Ijess, = Ilerpetotheres sociabilw Vieill. 1817, 
as type. {Falco kamatus Illiger, given as the type in the Check-IJst is a 
later name for the same species.) 

Genus Circus. 

Circus LAc^iPEDE, Mem. de Tliist., Ill, 1801, ,506. 

Based on a diagnosis only, with no species referred to the group. Diag¬ 
nosis not definitely distinctive, indicating merely long-winged hawks with a 
long slender tarsus, which denote the modern genus Cirrus. Tvpe, as 
designated by Gray (1S55) and by general usage, Falco cyaneus Linn. 

(ienus Accipiter. 

Accipitcr Brisson, Orn., I, 1760, 310 

Type, by tautonoiny, accipiter Hriss. = Falco nisus Linn., 

tlie first species. 

(ienus Astur. 

Astur Lackpkdk, Mem. de Tliist., TII. 1801, 505. 

Based on a diagnosis only, with no species reftTred to the group. In 
effect, short-winged hawks with the bill “crochu a re.xtreinite.’^ "Type, 
as designated by Vigors (1824) and Gray (1855) and by general consent for 
three fourths of a century, Falco palumharius Linn. 

Genus Parabuteo. 

Parabuieo Ridoway, in Bd., Brew. & Ridgw., Hist. N. Am. Birds, III, Jan. 
1874, 250. 

Monotypic, with Falco hnrrisi And. as type. 

Genus Buteo. 

Buteo (JuviER, Le 9 . d’Anat. Comp., I, tabl. ii, 1799. 

Proposed for the “Buses."' In the same author’s Tabl. ^l^ment. de 
THist. nat., 1798, p. 194, of the preceding year, his section “Buses pro- 
preinent dites," of Falco, consists of only Falco buteo Linn., which, by 
tautonoiny as well as by general consent for a century, is to be taken as the 
type of Buteo. 

Subgenus Tach3rtriorchis. 

Tacky triorchis Kaup, Class. Saug. u. Vogel., 1844, 123. 
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Monot3rpic, with Falco pterocles Temm. = Buteo albicaiidatus Vieillot 
as type. 

Subgenus Bateola. 

Buteola Bonaparte, Comp. Rend., XLI, 1855, 651. 

**Buteo brachyurus, VieilL, est le type du genre buteonien Buteola, Dubus.'^ 
It is thus apparently Buteola Bonap. ex Dubus MS. 

Monotypic, with Buteo brachyurus Vieill. as type. 

Genus Urubitinga. 

Urubitinga Lesson, Rev. Zool., 1839, 132. 

Here a nomen nudum, but it is also cited as from Lesson, Cornpl. d. Buff on, 
VII, 1836, 36,” which work 1 have not been able to consult. 

Type, as designated by Gray (1855), by tautonomy, and by general 
usage, Faho urubitinga Gmel. Stone, on the authority of Dr. Richmond 
(Auk, XXIV, April, 1907, 195), gives the founder of Urubitinga as I^afres- 
nayc, 1843, with type as above indicated. 

Genus Asturina. 

Asturina Vieillot, Analyse, 1816, 24, 68. 

Monotypic, with ^^Esp. nouv. b’’ == ‘‘Asturie (‘endr^e, Asturia [sic] 
cinerea” (p. 68) = Fako nifidus Gmel. as type. 

Genus Archibateo. 

Archibuteo Brehm, Isis, Dec. 1828, 1269. 

2 nominal species. 

1. Der plattkopfige Rauchfussbussard, Archibuteo planiceps Brehm = 
Falco lagopus Gmel. 

2. Der hochkopfige Rauchfussbussard, Archibiiteo alticeps Brehm = 
Falco lagopus Gmel. 

Monotypic, with Falco lagopus Gmel. as type. 

Subgenus Brewsteria. 

Brewsteria Maynard, Bds. East. N. Am., pt. 40, [1896], 691. 

Monotypic, with Falco ferruginous Licht. as type. 

Genus Aquila. 

AquUa Brisson, Cm., I, 1760, 419. 

Type, by tautonomy, [Aquila] aquUa Briss. = Falco chrysaStos Linn., 
the first species. 

Genus ThrassaStog. 

Thrassaetos Gray, Proc. Zool. Soo. London, 1837 (June, 1838), 108. 
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Monotypic, with Thrassaetos harpyia == Vultur harpyia Linn, as type. 
Genus HaliesetuB. 

Haliceetm Savigny, Desc. de Tfigypte, Ois., 1809, 35^^; Ois. de Tfigypte et de 
la Syrie, 1810, 8, 25. (The first not seen by me.) 

Monotypic, with Halimetua niaus Savign. = Fako aUncUla Linn, as 
type. 

Genus Falco. 


FaUo Linnasjus, Syst. Nat., ed. 10, 1758, 88. 

26 species, of which 6 are synonyms of others of the list, leaving 20 valid species,, 
representing about 13 modem genera. 

1 . melanwtus, same as No. 2. 

2. chrysaHtos, type of AquUa Briss. 1760. 

3. fuLvuSy same as No. 2. 

4. canadensis, same as No. 2. 

5. rusticolus, a species of Hierofalco Cuv. 1817. 

6. harbarus, a species of restricted Falco liinn. 

7. cwrulescAms, a specues of Hierax Vigors, 1824, preoccupied, vice Micro- 
hierax Sharpe, 1874. 

8. albicilla, type of Ilalmeius Savigny, 1809. 

9. pygargus, a sj)ecies of Circus Lac^p. 1799. 

10. milvus, type of MUvus Lac4p. 1799. 

11. forfimtus, tyj>e of Elanoides Vieill. 1818. 

12 . gentiJis, same iis No. 25. 

13. subbuteo, type of Hypotriorchis Boie, 1826. 

14. buteo, type of Buteo Cuv. 1799. 

15. tinnunculus, ty]:)e of jEgypius Kaup, 1829, preoccupied, vice Falcula 
Hodgs, 1837. 

16. sufpator, of doubtful identification; probably same as No. 17. 

17. cachinnans, type of Herpetotheres Vieill. 1817. 

18. sparverius, type of PcecUomis Kaup, 1844. 

19. columharius, type of Tinnunculus Vieill., 1807. 

20. lanariuH = Falco gyrfalco Linn. 1766. 

21. haliwctus, type of Pandion Savigny, 1809. 

22. gyrfalco, species of Hierofalco Cuv. 1817. 

23. apivorus, type of Pernis Cuv. 1817. 

24. anuginosus, a species of Circus Lac4p. 1806. 

25. palumbarius, type of Astur Lac6p. 1801. 

26. nisus, type of Accipiter Briss. 1760. 

Eighteen of the 26 species were made types of now universally recog¬ 
nized genera prior to 1825, or are synonyms of such types, or are congeneric 
with them; the remaining 8 have been always referred to Falco sens, stric., 
or to groups now currently referred to it, either as synonyms or as subgenera, 
according to the views of different authors. Three of these fall into the 
genus (or subgenus) Hwrofako Cuv. 1817; two others come under Cerch- 
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neis Boie, 1826, while of the remaining three, barharus, suhlmieo and colum^ 
bariuSy the latter is the type of Tinnuncvlus Vieill., 1807, recognized in the 
A. O. U. Check-List as a subgeiius of Falco; another, .subbufeOy is the type 
by tautonomy of IlypotriorrJiis Boie, 1826, a group synonymized by current 
consent with the restricted group Falco; barbarus has been sometimes 
refemid to Gennaia Kaup, 1847, which group is now not recognized as even 
a subgenus. Gray (1840), Kaup in (1842), and various subsequent authors, 
have taken Falco peregrirms Latham as the type of the restricted group 
FalcOy but as this species was not described till long after Falco Linn, was 
foiiMided it is not eligible as its type. 

The A. O. U. Committee, in 1886, in preparing the 6rst edition of the 
Check-List of North American Birds, designated Falco subbufeo Linn, as 
the type of the restricted genus FalcOy and there is apparently no reason 
for rejecting this designation of the type. 

Subgenus Hierofalco. 

Hierofalco Cuvikh, RAgne Aniiii., I, 1817, 312. 

'J^ype, *‘le Gerfault” of Brisson = Fa/co candicans Gmel. 1788 = 
Falco island us Briinn. 1764. 

Subgenus Rhynchodon. 

Rhynchodon Nitzsch, Observ. Av. art., car (‘om., 1829, 20. 

4 noncongeneric species. 

1. jHircyrinus. 

2. fml)huteo, type of Hypotriorclds Boie, 1826. 

3. (vsalon, type of JiJsalon Kaup, 1829. 

4. tinnunculus, type of Mj/ypius Ivaup, 1829 (preoccupied) — Falcula 
Hodgs. 1837. 

Type, by elimination, Falco peregrinus I^atham, the first species. 

Subgenus Tinnunculus. 

Tinnumulus Vikillot, Ois. Am. Sept., 1807, 39. 

2 species, columharius Linn, and sparverius Linn. The second species is con¬ 
generic with the type of Cerchveis Boie, 1826. 

Type, by elimination, Tinnunculus cohimbarius Vieill. = Falco column- 
barius lann., the first species. (Not Falco tinnunculus Linn, as designated 
by Gray, this being not one of the original species, except by inference.) 

Subgenus Rhynchofalco. 

Rhynchofalco Ridgway; Proc. Boston Soc. Nat. Hist., 1873, 46. 

Monotypic, with Falco fenwralis Temm. as type = Falco fusco-c&rules- 
cens Vieill. 
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Subgenus Oerchneis. 

Cerchneis Boie, Isis, Oct. 1826, 970. 

Monotypic, mth Falco rupicola Licht. as type. 

Genus Polyborus. 

Polyhorus Vieillot, Analyse, 1816, 22. 

Monotypic, with ‘'Esp. Caracara, Buff.’^ = Falco tharns Mol. as type. 

Genus Pandion. 

^^Pandion Savigny, Descr. de Tfigypte, Ois., 1809, 9.5’^; Ois. de Tfigypte et de 
la Syrie, 1810, 9, 35. (The first not seen by me.) 

Monotypic, with P'alco haliaetus I^inn. as type. 

Family STRIGID.^.. 

Genus Strix. 

Strix LinnjEUS, Syst. Nat., ed. 10, I, 1758, 92. 

11 species, representing 7 modem genera. 

Auriculaim. 

1. bubo, type of Bubo Dum^ril, 1806. 

2. scandiaca, same as No. 1. 

3. asio, tyi^e of Scops Savign. 1809 (preoccupied), and of Megascops Kaup, 
1829 (also preoccupied); congeneric with type of Otus Pennant, 1769. 

4. otus, type of Asia Brisson, 1760. 

5. scops, congeneric with No 3. 

Inauriculatce. 

6. aluco — flammea Linn. 766; not aluco Linn, 1766. 

7. funerea, type of Sumia i)um<?ril, 1806. 

8. mjctea, type of Nycicn Steph. 1826. 

9. stridula, same as aluco Linn. 1766, type of Syrnium Savig. 1809. 

10. ulula, same as No. 7. 

11. passerina, tyi)e of Glaiu’idium Boie, 1826. 

Type, as restricted by Savigny (1S09), as designated by Gray (1840), 
and by elimination, Strir aluco Linn. 1758 == S. flarmnra Linn. 1706. 

Genus Asio. 

Asio Brisson, Ora., I, 1760, 477, 

Type, by tautonomy, asio Briss. = Strix otus Linn., the fourth 

species. 

Genus Syrnium. 

Syrnium Savigny, Descr. de Pfigypte, Ois., 1809, 298^^; Ois. de la figypte et 
de la Syrie, 1810, 10, 61. (First work not seen.) 
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Monotypic, with Syrnlurn ululans Savign. = aluco Linn. 1766 (not 
aliico Linn. 1758.) 

Genus Scotiaptex. 

Scotiaptex Swainson, Class. Bds., II, 1837, 217. 

2 noncongeneric species, Strix cimrea Gmel. and Strix uralensis Pall., the latter 
a species of Syrnium Savigny, 1809. ^ 

Type, by elimination, Strix cimrea Gmel., the first species. 

Genus Orsrptoglaux. 

Cryptoglaux Richmond, Auk, XVIII, 1901, 193. 

Type, by designation, Strix tengmahni Gmel. To replace Nyctala 
Brehm, 1828, and Mgoims Kaup, 1829 (both with same type), preoccupied. 

Genus 0tU8. 

^‘0/w8 Pennant, Ind. Zool., 1790, 297,” also in an earlier (1769) edition. (Not 
seen. Accepted on Mr. Stone’s authority.) 

Monotypic, with Otiis bakJeamema sp. nov. as the only species. (Cf. 
Stone, Auk, XX, 1903, pp. 273-275.) 

Genus Bubo. 

Bubo Dumeril, Zool. Anal., 1806, 34. 

‘*Le dues Qmbo) sont les esp^ces de chouettes d, oreilles de Linn4.” Hence, 5 
species, as follows: 

1. bubo. 

2. scandiaca, same as No. 1. 

3. asio, ty|)e of Scops Savigny, 1809, and of Megascops Kaup, 1829, both 
preoccupied; congeneric with type of Otus Latham, 1769. 

4. otus, type of Asio Briss. 1760. 

5. scopes, congeneric No. 3. 

T 3 ^e, as designated by Gray (1840) and Sharpe (1875), by elimination, 
and by tautonomy, Strix bubo Linn. 

The genus Bubo, as currently employed, has been often considered as = 
Otus Cuvier, 1799 (I.<e<^. d’Anat. Comp., I, tab. ii) where the genus Strix 
I.inn. is divided into two groups, (1) “Hibous, Otus”; (2) ''Chouettes, 
Strix/* which groups may be assumed to correspond with the two Linneean 
divisions of Strix, "AuriculaOe” and "Inauriculatte^^ (see aafm, p. 333), 
and that on the principle of tautonomy the type of Otus would be Strix 
otus Linn. It appears, however, that the name Otus was previously used 
by Pennant in 1769 lor one of the small eared owls congeneric with Strix 
scops Linn. {Of. Stone, Auk, XX, 1903, pp. 272-276.) 

Genus Nyctea. 

Nyctea Stephens, Gen. Zool., XIII, ii, 1826, 62. 
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2 species, the second a synonym of the first. Hence: 

Monotypic, with Nyctea erminea Shaw = Strix nyctea Linn, as type; 
hence also tautonymic. 

Genus Sumia. 


^ Sumia Zool. Anal., 1806, 34. 

‘"Le genre sumie (mmia) comprend les chouettes a longue queue ou ^perviers, 
la fundbre, la sib^rienne, et plusieurs autres.’^ = Hawk Owls. 

Essentially monotypic, with Strix funerea Linn. (= ulula Linn.) as the 


Genus Speotyto. 

Speotyto (Jlocjer, Haiidb. u. Hilfsb. Naturg., 1842, 226. 

Monotypic, a provisional generic name for Strix amicularia Molina, 


(tcuus Glauddium. 

Glaucidium Boik, Isis, 1826, 970. 

2 congeneric species. 

1. Strix nana “Temm.^^ = King. 

2. Strix passenna Linn., type of Noctua Savigny, 1809 (preoccupied) and 
of Athene Boie, 1822 (preoccupied). 

Type, as designated by Gray (1840, not 1855) and by general consent, 
Strix passer I na Linn., the second species. 

Genus Micropallas. 

Micropaltas Coiteb, A\ik, VI, Jan. 1889, 71. 

Monotypic, with Athene whitneyi Cooper as type. To replace Micror 
thene Coues, 1860 (preoccupied), with the same type. 


Family PSIITACID/E. 

(icnus OonuruB. 

Conurus Kohl, Consp. Psitt., 1820, 4. 

82 species, representiiig 26 currently accepted modem genera, distributed in 2 
families and 4 subfamilies. 

Type, by elimination, and as de.signated by the A. O. U. Committee in 
the first edition of the Check-last (1880), Psittacm ludoviciaiius Kuhl 
(ex Gmelin^ ^Psittacm carolhmms Linn.; type by first species rule, 
Psittaciis gumnensis Kuhl (part) = Psiitavus lencophthctlmm Mull. 

In 1891, Salvadori {Cat, Bds. Brit. Mus., XX, p. 203) made Psittacus 
carolinensis Linn, the type of a new genus Conuropsw, to which was re¬ 
ferred only this species. In November, 1892, the A. O. U. Committee on 
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Nomenclatun* referred the case of Conuropsis vs. Conimis for the Carolina 
Paroquet to a subcommittee consisting of Dr. Stejneger and the present 
writer. On careful and ind(*pendent study of the matter by the two members 
of the subcommittee they reported (November, 1893) that the type of 
Conurvs was, by elimination, Fsittacus carolinensis Linn., as originally 
<letermined by the A. O. U. Committee. This decision was adopted b<^’ 
the Committee (c/. Auk, XI, Jan. 1894, p. 49). In the present connection 
I have gone over the case again with the grt'atest care and reach the same 
conclusion. 

After reviewing the case at length, the subcommittee closed its report 
with the following statement: “Salvadori’s creation of Conuropsw is con¬ 
sequently entirely indefensible under our code. IIow^ he came to make it is 
quite plain, however. He has simply followed Gray in selecting the first 
s])ecies mentioned by Kuhl as the type. Salvadori’s genus Conurus should 
therefore under the A. O. U. Code stand as Fsiftacara Vig. and Conuropsis 
as Conurus Kuhl (ikh* Salvador!).’’ 

The leading points of the case are as follows: Kuhl in 1820 (1. c.) placc'd 
all of the Parrots in the Linnieaii genus Psiftacus, which he divided into 
section,s I-VI, to which he gave names, his restricted group Psiffarus form¬ 
ing his ‘‘Sectio IV.” His first section is Ai'a ((’uvier, 1899), in which he 
placed the Macaws. The s<‘cond s(*(’tion, which alone concerns us herc^ 
he called Conurus (“Sectio 11, Conurvs. Perrvche Vaill.”). In this sec¬ 
tion he placed his sp(‘cies No. 11 to No. 92, arranging them in four “subdi¬ 
visions” under Le Vaillant’s French vernacular names. He placed the 
species in geogra])hical sequence as “A. Americani”; “H. Africani”; 
“C. Asiatic!”; “D. Australes.” Owing to the geographical arrangement, 
the species placed in subdivisions I, HI and IV do not follow each other in 
continuous sequence. His subdivision “H. Perrurhe a queue eu fleche 
Vaill.,” contains species 34-40, “Asiatic!his subdivision “HI. Per- 
ruche proprement dit Vaill.”, contains species 17-28 and 30 (American), 
and 41-92 (Asiatic and Australian), the latter divided into (a) Platuri, (l>) 
Pezopori, (c) Perruche ordinaire. 

In 1824, Spix (Av. Bras., I, ])p. 29-37) placed 17 species of South Amer¬ 
ican Conures in his new genus Aratinga, about half of which belong to the 
modern genera Pijrrhura and Brotogeris. In 1825 Vigors (Zool. Journ., 
II, 0(*t. 1825, p. 388) proposed a genus Psittacara, designating Psittacus 
guimjensis “IJnn.” (= Gmel.) as the tyj>c, to which he referred 6 species, 
including all of those in Kiihl’s “Subdivisio I,” to wKich it is exactly equiv¬ 
alent, with the first species of Kiihl’s Conurus as the designated type. Three 
months later (/. c., Jan. 1826, p. 519) he had discovered that Spix’s genus 
included some of the same species as his Psittacara^ and he then restricted 
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his Psittacara to those species having the orbits and a greater or less extent 
of the cheeks naked, and restricted Aratmga to the species having the cheeks 
and orbits feathered. As thus restricted Psittacara and Aratinga are both 
tenable with the type of Aratinga^ as designated by Bonaparte in 18f54 
(Rev. et Mag., de Zool., 1854, p. 150) A. cganogularls Spix = Psittacus 
cnientatus Wied, this being the only species positively referred to it by 
Bonaparte. It thus supercedes Bonaparte’s genus Pyrrhula of 1856 (Nau- 
mannia, 1856, Beilage No. 1, geniLs 14), which includes 15 species and 
contains not only Psittacus crmntaim Wied, previously assigned by him as 
the type of Aratinga, but five other of Spix’s species of this group. Bona¬ 
parte here restricted Aratinga to Psittarus gimrouba Ginel., which was 
already the type and only species of Guarouba Less. 1831! 

To shorten a long story, it may Ix^ sufficient to say that prior to 1885 
all the identifiable species placed by Kuhl in Conurus had been made the 
types, or were currently recognized as congeneric with the types, of other 
genera, except his No. 19, Psittacus (Conuru^s) ludAwicianns Kuhl = PsiU 
torus caroUmnsis Linn., which the A. (). U. Committee was justified in 
taking as the type, by elimination, of the restricted genus Conurus. 

Conurus may be briefly considered from still another basis. The first 
author, after Kuhl, to n'cognize Conurus in either a generic or subgeneric 
sense was Ii('sson (Man. Orn., II, 1828, p. 148), who, in 1828, made it his 
fifth subgenus of Psittacus, with type, by designation, *‘le sincialo, psittacus 
rufirostris L. enl. 550,” which is the female of Patmornis torquafa (Bodd.). 
Conurus Le.ss. 1828, is thus a strict synonym of PaUeornis Vigors, 1825. 
Tliree years later (Traits* d’Orn., 1831, p. 211) Lesson made Conurus 
Kuhl” his seventeenth subgenus of Psittacus, which he separated into two 
divisions”; the first division compri.sed his species 95'-105, all American, 
as he understood them^; the second (spp. 106-110) included only species 
of Palaiornis, which genus he cites as a synonym of his second division of 
Conurus. He indicated no type for either group, but the first species of his 
first division is Conurus carolinensis (Linn.). 

Vigors (1825- 26), in giving names to the various subdivisions of Kuhl’s 
‘'section” Conurus, evidently did not look upon Conurus as anything more 
than a name for one of Kuhl’s six “grand divisions” or “subfamilies” of 
the family Psittaaida (cf. Zool. Journ., II, p. 48, second footnote and p. 58), 
and not as a name necessarily to be taken as that of a genus or subgenus. 
Spix treated it in the same way; W^agler, in 1832 (Monographia Psitta- 
corum) evidently held the same view, as he proposed the genus Sittace for 
all the American Conures and allied forms. 

1 Including his ''Conurus rufirostris {Psittacus rufirostris, Gni.; Buff., Enl .550. Lcvaill. 
pi. 42 ’ 0 » with “ Habite le Hr4sil*' ^Palceornis torquaia (Bodd.). 

lApril, 1907.] 22 
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It was not till 1837 that (^ommis again figured in nomenclature, when 
Swainson (Class. Bds., }). 3(K)) used it for three species now placed in as 
many diflFerent genera. His first species is viftatus Spix, i, pi. 21,*' 
of which apparently the liead is figured. In 1840, G. R. Gray (List Gen. 
and Subgen. Birds, p. 51) again employed it in a broad sense for the Amer¬ 
ican Conurc'S, with Couurus viftatus (Shaw) as the designated type, which 
species later became also th(‘ tyf)e of Pyrrhura Bonap. 1850. Conurus of 
Gray comprised the seeond section of Macrocereus Meill. 1810, ^Ira 0 >*j 7 a 
Spix, 1824, Psittarara ^^igor.s, 1825, and the greater part of Sittace Wagler, 
1832. In 1845 Gray (Gen. Bds. 11, p. 413, footnote), speaking of ''Conurus 
Kuhl,” says: “It includes Aratinga of Spix-(1824), Psittacara of VigoiN 
(1825), and Sittace of Wagler (1830 [sic]).*' Bonaparte, in 1850 (Consp. 
Av., 1, p. 1), employed "Conurus Kuhl” in a generic sense, with the same 
synonymy as given by Gray in 1840, but he cited under it only two species, 
Psittarus carolinrnsis Linn, and Conurus xanthogenius sp. nov. (= Psitta- 
cus pertinax Linn.). 

In 1855, Gray (Cat. Gen. and Subg. Bds., p. 37) divided Conurus into 
12 .subgenera, two of which he left unnamed. Of the re.stricted group 
Conurus he designated "Psittavus guianensis Linn.” as the type; as Linnjcus 
had no Psittarus guianensis ” presumably Psittarus gujaneusis Gmelin 
is meant = P. Irurophthalmus IMiill. Psittarara Vigors, 1825, with the 
same type by designation of the author, is given as a .synonym, while Aratinga 
Spix is recognized as a subgenus, with Psittarus luteus Bodd. as type. Gray 
has here done just what Vigors propo.sed to do in 1820 (Zool. Journ., II, 
Jan. 1820, p. 519) —given recognition to both of the two groups Psittarara 
and Aratinga, but he had no right to de.vignate as the type of his re.stricted 
subgenus Conurus the type designated by the* author of Psittacara as 
its type thirty yeans before; (\s})ecially as he had himself designated, 
fifteen years before, as the type of Conurus a species for whicli he left an 
unnamed subgeiius (No. 1475), which Bonaparte a few years later nanied 
Pyrrhula. Four years later (Cat. Psittacida^ 1859, })p. 31 47), Gray 
recognized the.se same 12 subgenera and two others, adopting Bonaparte's 
Pyrrhula of 1850 for the siibgenus containing, as one of its c*omponents, 
the .species designat('d by him in 1840 as tlie type of Conurus! An author 
liowever, has no more right to change his de.signation of a type than he has 
to transfer a generic name, his own or otlierwi.se, to a grouf) generically 
different from that for ^^}licll it was orignally propo.sed. 

Salvadori’s ‘Catalogue of the P.sittaci, or Parrots' is a most admirable 
piece of work from all ])oints of view cxcej)t one — that of nomenclature. 
The tendency since its publication, a decade and a half ago, \mfi been stead¬ 
ily away from the nomenclatural standpoint shared by Salvadori in 1891 
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with so many others. His nomenelatural starting point was not only 1766 
instead of 1758, but he discarded names erroneously constructed, or of bar¬ 
barous origin, or of false signification,^ thus adopting many names untenable 
under the rule of priority, as well as under other rules of present day codes 
of nomenclature. The nomenclature of the Psittaci, as adopted by Sal¬ 
vador! and as still to a large extent current, is much in need of revision, 
wholly aside from the question of whether the types of genera are to be 
decided by a first species rule or the priority method. Already Amazona^ 
rejected by Salvadori for the later Chryotis, is in nearly universal use. Psit- 
tacara Vigors (1825) was carefully defined, with a type by designation of 
the author; the only reason for rejecting it is that the name is a * vox hybrida,’ 
which under present nomenclature rules is no reason at all. 

Genus Rh3rnchop8itta. 

Rhynchopsitta Bonapartk, Rev. et Mag. ZooL, VI, 1854, 149. 

Monotypic, with Macrorerens pachyrhynchm Swains, as type. 

Family CXjCVIADJE. 

(hmus Crotophaga. 

Croiophaga Linn^us, Syst. Nat., od. 10, I, 1758, 105. 

Monotypic, with Croiophaga ani Linn, as tyf)e. 

(jonus Gkococcyx. 

Gcococcyx Wagler, Isis, 1831, 524. 

Monotypic, with Geococcyr variegaia sp. nov. — Sanrothera ealifomiana 
Less, as type. 

(renus Ooccyzus. 

Coccyzus ViEiLLOT, Analyse, 1816, 28. 

Monotypic, with ^^Coucou de la Caroline, Buff.’’ — Cticuhis ameri- 
canus Linn, as type. 

Genus Chiculus. 

Cuculus LiNNiEUS, Syst. Nat., cd. 10, I, 1758, 110. 

8 species, representing 7 modern genera and 3 families. 

1. canorus. 

2. persa, a species of Turacus Cuv. 1799. 

3. vetula, type of Sanrothera Vieill, 1816. 

4. glandarius, type of Coccystet; Gloger, 1842. 

5. scohpaceus = C. honoratus Linn. 1766, type of Eudynamys V. & H., 1826. 


1 Cf. Auk. IX, July 1892, pp. 277-279. 
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6. niger, same as No. 5. 

7. amertcanus, type of Coccyzus Vieill. 1816. 

8. auratus = Picus auratus Linn. 1766, type of Colaptes Swains. 1827. 

Type, as designated by Gray (1840), by general consent, and by elimina¬ 
tion, CucultLS canorus Linn., the first species. 

Family TROGONID.E. 

Genus Trogon. 

Trogon Brisson, Orn., IV, 1860, 164. 

6 species, all belonging to the modern genus Trogon^ and representing only one 
identifiable valid species. One of the few non-tautotiymic genera of this author. 

1. Trogon cayancnsis cinereus = Trogoji strigilatus Linn. 

2. Trogon cayanemis viridis == Trogon viridis Linn. 

3. Trogon cayanensis viridis venire candido = Trogon viridis Linn. 

4. Trogon brasiliensis viridis = Trogon curucui Linn. 7 = T. coUaris 
Vieili 

5. Trogon mexicanus, not identifiable. 

6. Trogon m-exicanus varius, not identifiable. 

Trogon Linn., 1766, is based on Trogon Brisson, 1760. Linneeus's 
three species (two of which are based on Brisson, wholly, and the other 
in part) are reducible to one valid species, commonly known as Trogon 
viridis Linn. = strigilatus Linn, (which comes first on the same page), the 
type of the genus,which is in reality monotypic. 

Family ALCEDINIDiE. 

(^ienus Geryle. 

Ceryh Boie, Isis, 1828, 316. 

5 congeneric species, separated into several modern subgenera. 

1. rudis. 

2. amazona, a specries of Chloroceryle Kaup, 1848. 

3. americana, a species of Chloroceryle. 

4. alcyon, a species of Megaceryle Kaup, 1848. 

5. bicolor =: inda Linn , a species of Chloroceryle. 

T 37 )e, as designated by Gray (1840) and by elimination, Alcedo rudw 
Linn., the first species. In 1848, Kaup removed three of the species to his 
Chloroceryle and one to his Megaceryle, leaving only the first species in 
Ceryh. 

[Genus Alcedo. 

Alcedo LiNNiEUS, Syst. Nat., ed. 10, 1758, I, 115. 

7 species (1 not determinable), representing 5 modem genera. 

1. ispida, type of Ispida Briss. 1760. 

2. eriihaca, not determinable. 

3. alcyon, congeneric with No. 6. 
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4. todus, type of Todvs Briss. 1760. 

5. amymensis, a species of Halcyon Swains. 1820. 

6. rudisy type of Ceryle Boie, 1828. 

7. dea, type of Tanysipierus Vigors, 1825. 

Type, by elimination, Ahedo rudis Linn., the sixth species. 

Brisson’s genus Ispida (Orn., IV, 1760, p. 471) appears to have been 
overlooked or ignored by subsequent writers, as have several other of his 
properly proposed genera, as Buphagmy Trogon, Todus, Anhima, Cock- 
leariuSy Raphus, and Muscicapa, which all have the same standing as the 
many others that have been almost universally adopted, but in some cases 
wrongly attributed to Linnaeus (1766). Brisson’s genus Ispida contained 
only Kingfishers; Linnaeus's genus Ahedo contained, at 1758, both King¬ 
fishers and Todies; at 1766 the Todies were removed and the Jacamars 
added, so that Ahedo, 1758 = Ispida + Todus Brisson, and in 1766 =* 
Ispida Galbula Brisson. 

The genus Ispida contained originally 26 species, including all of the 
six species of Kingfisher placed by Linnaeus in Ahedo, besides seven de¬ 
scribed by I.<innaeus in 1766, and six others named later by Ginelin in 
1788, all on the ba.sis of Brisson and his citations; some of the remaining 
seven were made the basis of ‘varieties,' or were considered duplications of 
those to which Linnaeus and Gmelin, respectively, gave names. 

Applying the rule of tautonomy and elimination to these genera, Ahedo 
ispida Linn., becomes the type of Ispida Brisson, and Ahedo todus I..inn., 
becomes the type of Todits Brisson. Of the four remaining valid species, 
the last one to be rtnnoved was Ahedo rudw Linn., which became the type 
of Ceryle Boie in 1828. Therefore Ahedo should replace Ceryh, with the 
result that two of the six original lannaean species would still remain in 
Ahedo, and Ahedo would replace Ceryh in the Check-last.] 

Subgenus Streptoceryle. 

Streptoceryle Bonaparte, Consp. Vol. Anisod,, 1854, 10. 

2 congeneric species, torquata Linn, and alcyon Linn. 

Type, as designated by Gray (1855) and by Sharpe (Jan. 1871 and 
1892), Ahedo torquata Linn., the first species. 

Subgenus Ohloroceryle. 

Chloroceryle Kaup, Fam. Eisv., 1848, 8. 

5 (4 valid) species, all currently considered as subcongeneric. 

1. mpercUiosa. 2. americana. 3. inda. 

4. amazona, type of Amazcmis Reich. 1851 (not Amazona Less. 1831). 

5. hicolor, same as No. 3. 

Type, as designated by Sharpe (1871 and 1892), Ahedo superciliosa 
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Linn., the first species; as designated by Gray (1855), Alcedo amazona 
Lath., the fourth species. 


Family PICITH^. 

Genus Oampephilus. 

CampephUus Gray, List Gen, Ms., 1840, 54. 

Monotypic, with Picus principal is Linn, as type. 

(ienus Dryobates. 

Dnjohatea Boik, Isis, 1826, 977. 

Monotypic, with Pirns puhescens Linn, as type. 

G(‘nus Xenopicus. 

Xenojneus Baird, Bds. N. Am., 1858, 83. 

Monotypic, with Lenronerpes alhoJarvafus ("ass. as type. 

Genus Picoides. 

Picotdes Lacepede, Mem. de Tlnst., Ill, 1801, 509. 

Based on a diagnosis, indicating Woodpeckers with only three toes on 
each foot. As the northern three-toed Woodpeckers are the only tridaetyle 
Woodpeckers then known, the type is obviously Picus tridactylus Linn., 
as designated by Gray (1840), and the genus monotypic. 

(jkmus J^Aynpieiu 

Sphyrapicus Baird, Bds. N. Am., 1858, 101. 

Type, by designation (/. c., j). 102), Picus varius Linn. 

Genus Oeophloeus. 

CeophloBus (UuvMS, Joiim. f. Orn., 1862, 176. 

4 species, 3 of them congeneric. Ostensibly to replace Hylatomus Baird, 1858, 
preoccupied. 

Type, by designation, Picus lineatvs (Linn.), while the type of liylato- 
mus is Picus pileatus, which the next year (Mus. Hein., pt. IV, 1863, p. 102) 
Cabanis made the tyfie and only species of his genus Phlmotomus, which 
is thus available in place of Ceophlcrus, 

In the British Museum Catalogue of Birds (XVIIT, 1890, p. 514) Dryoto- 
mus Swainson (Faun. Bor.-Am., II, 1831, 1832) is employed for Picus 
pileatus alone, but as the type of Dryofomus was designated by the author 
as Picus martins Linn., a species noncongeneric with P. pikatuSj Dryofomus 
is obviously not available in this connection. 
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Genus Bielanerpes. 

Mehxnerpes Swainson, Faun. Bor.-Arn., II, 1831 (1832), 300, 316. 

Monotypic, with type by designation (p. 316), Melanerpes erythrocephalm 
Swains. = Picm erythrorephalus Linn. 

Genus Asyndesmus. 

Asyndesmus Coueh, Proc. Acad. Nat. 8ci. Phila., 1866, 55. 

Monotypic, with Pirns forquatm Wils. as type. 

Genus Oenturus. 

Centurus Swainson, Class Bds., II, 183J, 310. 

2 species, C. carolinensis Wils. and (7. brachypterusy sp. nov., the latter a nomen 
nudum. 

Monotypic, with Pirns rarolinns Linn, as type. 

G(‘iius Colaptes. 

Golapies Swainson, Phil. Mag. (2), 1, June, 1(S27, 440, only species Colaptes 
miwicanus sp. nov. with a reference to Swains. Zool. Journ. No. 10”; Zool. 
Journ. Ill, Aug.-Nov. 1827, 353, where the type is designated as '^Piciis auratuSy 
Wilson, I, pi. 2, fig. 1 ” — Cuculus aurafus Linn. 

Type, by designation, (Utrulns anrafns Linn. 

Family (WPRlMUIXillXL. 

(leiiiis Antrostomus. 

Antrostomus (Jould” Bonapakte, Cleogr. and Comp. List Bds. Eur. and N. 
Amer., 1838, 8, 

2 congeneric species. 

1. Caroline ns is] 2, vociferus. 

Type, as designated by Gray (List (ien. Bds., 1840, p. 7), Caprminigus 
ca/rolinrnsis (jniel., tlie first species. The reference in the Check-I.<ist to 
“Gould, I(‘ones Avium, 1838*' is erroneous, as neither the genus nor any 
of its species occur there. In the ‘British Museum Catalogue’ the genus 
is wrongly ascribed to Nuttall, 1840. 

Genus Phahenopterus. 

PhedoBnopterus Ridgway, Proc. IT. S. Nat. Mus., Ill, 1880, 5. 

Monotypic, with Caprimiilgus nuttalH Aud, as type. 

Genus Nyctidromus. 

NycHdromus Gould, leones Avium, II, 1838, pi. ii. 
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Monotypic, with Nyctidromus derhyanus sp. nov. = Cajyrimulgus 
albicollis Gmel. as and the only species explicitly mentioned. He 
adds: There are at least ten species of this peculiar form/' all confined 

to South America, but no others are cited. 

Genus Ohordeiles. 

ChordeiUs Swainson, Faun. Bor.-Am., II, 1831, 337. 496. 

Monotypic, with Cfwrdeiks virginianus = Caprimulgu^ virginianus 
Gmel. as type. 


Family MICROPODIIXE. 

Genus Gypseloides. 

Cypseloides Streitbel, Isis, 1848, 366. 

2 congeneric species. 

1. Hemtprocne fumigata — Cypaelus fumigatua Natterer MS. 

2. Cypselus senex Temm. 

Type, as designated by Sclatcr (P. Z. S., 1865, p. 614), and by general 
consent, Herniprocnr fumigata Streubel, the first species. 

Genus Ghffitura. 

Chcptura Stephens, Gen. Zool., Xlll, pt. ii, 1825, 76. 

6 species, 5 of them congeneric. 

1. pelasgia = pelagica lann. 

2. martinicana =■ acuta Gni. 

3. pacifica, a species of Mixro}ms Meyer & Wolf, 1810. 

4. audralia = cavdacuta Lath. 

5. fusca = caudnevta T^ath. 

6. collaris — zonaris Shaw 

Nos. 2, 4, 5, and 6 arc congeneric with No. 1. 

Type, by current usage, Hirumlo pehgica Linn., the first species. (The 
type designated by Gray (1855) is not one of the original species, as it was 
not described till fourteen years after the genus was founded.) 

Genus Aeronautes. 

A^ronautes Hauteut, Cat Bds. Br. Mus., XVI, 1892, 459. 

Monotypic, with Cypselus melanoleucus Baird as type. 

Family TROCHILID.E. 

Genus Eugenes. 

Eugenes Gould, Mon Troch., pt. xii, 1856, pi. 59. 

Monotypic, with Trochllus fulgens Swains, as type. 
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Genus Goaligena. 

Caiigena Lesson, Ind. and Synop. gen. Trochil., 1832, p. xviii. 

3 noncongeneric species. 

1. clemencicB, type of CyanolodYm Stone, 1907. 

2. codigena, 

3. rivoli = T. fulgens Swains. 1827, type of Eiiigenes Gould, 1856. 

Type, by tautonoiny, and as designated by Bonaparte in 1850 (Synop. 
Av., p. 73), Ornismya (Cadigena) ccpUgena I.<esson. Usually 0. clemenciw 
I^ss., the first .species, has been taken as the t)^e, as designated by Gray. 
This species being noncongeneric with the proper type of Ccrligena, and not 
being referable elsewhere becomes the type of Cyanolwma Stone, 1907, 
(cf. Stone, Auk, XXIV, April, 1907, p. 19G). 

Genus Trochilus. 

TrochUus Linn^kus, Syst. Nat., ed. 10, I, 1758, 119. 

18 species, nearly all noncongeneric, and nearly one-half of them unidentifiable. 

Type, as desigiiated by Gray (1S55) and by general consent, Trochilus 
<^ohihria linn*, the sixth species. 

Strict elWilMdon would a]>parently make the type Trochilus virllivorus 
Linn., the type of Florisuga Bonap. 1S50; by the first .spe(‘ies rule, the 
genus Trochilus would be cancelled, the first species being unidentifiable. 

Genus Galypte. 

Calypte Goirnn, Mon. Troch , 111, 1856, 134. 

3 species, representing 2 genera. 

1. costcp. 

2. anna\ type of Atihia Reich. 1853. 

3. helenw, congeneric with No. 1. 

Type, as designated by Elliot (1879) and by general consent, Ornismya 
casks Bourc*., the first species. 

Genus Selasphorus. 

Setmipih()rus Swainson, Faun. Bor.-Am., II, 1831 (Feb. 1832), 324 (first men¬ 
tioned), #6 (diagnosis). 

4 apppies, reprebienting 2 genera. 

I, rujuH. 

S. chalybeus, congeneric with No. 3. 

^”3. omatus, type of Lophornis Lesson, 1829. 

4. platycercusy congeneric with No. 1. 

T^^e, Trochilus rufus GmeL, as designated by Gray (1855), the first 

it best agreeing wdth the diagnosis (“feathers of the neck [= throat] 
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elongated*’), a feature present in rufus and absent in platycercus. Further¬ 
more, a reference to the index of the volume shows that rufm was intended 
as the type, as we there find Selasphorus rufus only, no other species of 
Seh^phorus being indexed. 

Genus Atthis. 

Atthis Reichenwach, Aufz. der Colib. (Journ. f. Om., 1853, Extraheft) 1853, 12. 

3 species, representing 2 genera. 

1. helfyim I.#ess. & Delatt. 

2. cosUe Bourc., type of Calyjfic Gould, 1861. 

3. anme Less., congeneric with No. 2. 

Type, as designated by Gray (1855) and by general consent, Ornismya 
helois(B Less. & Delatt., the first species. 

Genus Stellula. 

Steltula Gottld, Introd. Troch., 1861, 90. 

Monotypic, with Cahihorax calliope Gould as type. 

Genus Calothorax. 

Calotliorax Gray, List Gen. Btls., 1840, 13. 

Monotypic, with Ornismya cyanopogon Ia'ss. = Trochilus lucifer 
Swains. 1827, as type. 

Genus Amirilis. 

AmizUitt Gray, List Gen, Bds., 1840, 14. 

2 noncongeneric species, 

1. Cynanthuti latirostris Swains., type of Cynanthus Swains. 1827, and of 
Circe Gould, 1857 (preoccupied) = larhe Elliot, 1879. 

2. Orthorhynchua amazili Less. 

Type, as designated by the author in 1855 (not 1840), by tautonomy, 
and by elimination, Ornismya amizili I^ss. By the first species rule, 
Amizilis Gray is a synonym of Cynanthus Swains. 1827 (Phil. Mag. (2), 
I, June, 1827, p. 441). 

Amazilis has sometimes been incorrectly attributed to Lesson, 1832, 
but Lesson used the tern only in a vernacular sense for a group of four 
congeneric species which he termed ‘Tx*s Amazilis,” based on the name 
of the first species of the group, Ornismya amazili Ix'ss. Anmzilia Reicheii- 
bach, 1849, is a substitute or emended name for the same group. By the 
first species rule, however, AmxiziHa Reich, is a synonym of Cynanthus 
Swains., both genera having the same first species. 

Genus Cynanthus. 

Cynanthus Sw^ainson, Phil, Jouru. (2), June, 1827, 441. 

4 noncongeneric species. 
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1. mm^ type of Circe Gould, 1857 (preoccupied), and of 

2. hi/rnmilm HUMW^Less., type of Leebia Less. 1832. 

3. mMmm msm^J ? = r. minimus Linn., type of Melissuga Briss. 

vm. 

4. hudfer ip. »©v., type of Calothorax Gray, 1840. 

Type, by dimiitatkiiii, Cynanthm latirostris Swains., the first species. 

If **Cymwmyia T mnnMia Gould” is congeneric with Cyrmnthus Uiti- 
ro 9 tris Swains., m sevml nacent authorities consider it to be, then PhoBoptilu 
Gould, 1861, b also, a&wdyi as lacfie, a synonym of Cynanthus. 

€ynanihu$ as imcfefor a long time past, currently used in ornithology 
is taken from Swidtism>^ 1837 (Class. Bds., II, 1837, p. 330) instead of 
fiom Swainson 1827; at the later date it was monotypic and based on a 
species forfiGOim autst**) which was not one of its original constituents. 

Genus Basilinna. 

BasUinna Bora, lais, 1831, 546. 

6 species, represeatbigi^l genera. 

1 . leucotis, 

2. aUncoUiSt tyfO^of Leucochloris Reich. 1854. 

3. meUivorus^ ty|»e of Florimga Bonap. 1850. 

4. tephrocepkahlMt^ a species of Agyrtria Reich. 1854. 

5. leucogaster^ ootigeneric with No. 4. 

6. a&ms, a sipMies of Lampomis Swains. 1827. 

Type, by elimiiiiation, and as designated by Gray (1855), TrochiLuH 
leuootM Vieiil. 

Genus lache. 

Eluot, Class, and Synop. Troch., March 1879, 234. 

4 oongenerio species. 


Type, by derignation, Cynmithm latirostris Swains., to replace Circe 
Gould, 1857 (preoccupied), with same type. 

Both by first species rule and by elimination Tache is a synonym of 
Cynanthus Swainson, June, 1827, which has thirty years priority even over 
Circe Gould. Consequently Cynanthus must replace lache in the A. O. U. 
Check-List. 


Family COTINGID.F. 

Genus Platypsaiis. 

Platypsaris Sclater, Proc. Zool, Soc. Lond., 1857, 72 (ex Bonaparte, Ann. Sci. 
Nat., 1851, 134 == nomen nudum). 

7 speeies, of which 2 are nominal and 2 belong to other genera, as now treated. 


t *‘Tabla land’" of Mexico, but locality apparently wrong, as the description indicates a 
yoiuiig XBida of Meliaauga minima (Linn.). I can find no subsequent reference to Cynanthm 
minimus Swains. 
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Type, as provisionally fixed by Gray (1856) and ado|>t6d by Sclater 
(/. (?.), Pachyrhamphus latirostris Bonap. = P^hyrhyncfiiis aglatw Lafr«, 
the sixth species. (IJadrostomvs Cabanis, 1869, is practically a substitute 
name for Platypsaris.) 


Family TYRANNIDiE. 

Genus Musdvora. 

Muscivora Lac^pkde, Discours d^Hist. Nat., 1799, 5.” (Not seen.) 

At this point Musdvora Lac^^pMe'* has no standing. As pointed 
out to me by Mr. Stone, it can be taken from G. Fischer (Zoognosia, ed. 
3, I, 1813, p. 54), where, with a brief diagnosis, **M[tiscicapa] forficata^* is 
designated as the type. 

Genus Tyrannus. 

Tyrannus C'tjvikr, Lee. d’Anat. Comp., J, 1799, tab. ii. 

Proposed for the “'^ryrans’’ as distinguished from the “Moucherolles^' 
(Musdpcta Cuv.) and the “ Cfobe-inouche” (Mujfcicapa (^uv. ex Ijnn.). 
(Cf, Cuvier, Tabl. ^l^inent. de I’llist. nat des Aniin., 1797, p. 201.) 

The genus appears to have been first employed, after 1799, by Vicillot 
{Ois. Am. Sept., I, 1S07 [1808], pj). 72-79) in 1808, w^ho included in it 7 
species, representing 5 modem genera, of which the second w^as Tyrannm 
pipirri Vieill. == Lanins tyrannus Linn. Cuvier, in 1817 (Regne Anim., 
I, 1817, p. 344), also referred to it 7 species, reprCvSenting 5 modem genera, 
of which hanius tyrannus Linn, was the third sj>e(*ies. 

Type, by tautonomy, us designated by CJruy (1840), and also by general 
consent, Lajiius tyrannus Linn. 

(xeiius Pitangus. 

Pitanyus Swatnson, Zool Journ , ITT, April-July, 1827, 165. 

Monotypic, with Tyrannus snJphvrafns Vieill. as type by designation. 

Genus Myiozetetes. 

MyiozHetes Sclatku, Proe. Zool. Soc. Loud., 1852, 46 (ex Myiozeta Bonap., 
Aim. »Sc‘i. Nat., IV, 1854, 134 = nomen nudum). 

Type, as fixed by Sclater (/. c.) Elainia cayennensis auct. = Musdcapa 
cayennensi-s Linn. 

Genus Myiodynastes. 

Myiodynastes Bonaparte. Compt. Bend., XXXVIII, 1854, 657, nomm mdum] 
^'BuU. Soc. Linn. Normandie, II, 1857, 35.” 
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Type, a» deeignated by Selater (P. Z. S., 1859, p, 42), and by general 
consent, Tyrmn^ mtdaa: Gmel. 

Genus M3riarcha8. 

Myiarchm Cabanis, Wiegm. Arch. f. Naturg., 1844,1, 272. 

6 species, representing 5 modem genera. 

1. ferox. 

2. rufiventrU, type of Myiotheretes Reich. 1850 (fide Sclater). 

3. nigricansy type of Sayomis Bonap. 1854, and of Aulanax Cab. 1856. 

4. ferrugineus, a species of Ilirundinea D’Orb. & Lafr. 1837. 

5. coronatua, a species of Pyrocephalus Gould, 1841. 

6. atropurpureua, congeneric with No. 5. 

Type, by elimination, as designated by Gray (1855), and as currently 
accepted, Mmcicapa ferox Linn., the first species. 

(xenus Sayomis. 

Sayomis Bonaparte, Ann. 8c. Nat (4), I, 1854, 133 (nomen nudum)] Coll. 
Delatlre, 1854, 87, where it is given as Sayomis nigricans Bp with nothing 
additional. 

Monotypic, with TyrannuJa nigricamt Swains, as type. There is ap¬ 
parently no reasonable doubt as to the signification of Snyornis nigricam 
Bp.^^; if there is, Sayomis can be taken from Gray, 1855 (Cat. Gen. and 
Subgen. Bds., 1855, p. 140) with Tyrannuh saga Bonap., a congeneric 
species, as type both by designation and by tautonoiny. 

Genus NuttaUomis. 

Nuttallomis Ridoway, Man. N. Am. Bds., 1887, 337. 

Monotypic, with Tyrannus borealis Swain, as type. 

Genus Horizopus. 

Harizojms Obebholser, Auk, XVI, 1899, 311. 

Type, by designation, Muscicapa virens lann. (To replace Contopus, 
preoccupied, with same type.) 

Genus Empidonaz. 

Bmpidonax Cabanis, Joum. f. Om., 1855, 480. 

MonotypiQ, with Tyrannula pusUla Swains, as t}^e. 

Genus Pyrocephalus. 

Pyrocephalus Goold, 2ioo\. Voy. Beagle, II, Birds, 1841, 44. 

2 congeneric species, (1) parvirosiris Gld., described and figured, and (2) Musci^ 
capa coronatd auct. 
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The type should obviously be Pyroceplmlm QottUt the 

species figured; type as fixed by Gray (184(l^JWid kj lisagei Mp 

coronata, the second species. 

Genus Omithion. 

Omithion Cabanis, Joum. f. Orn., 1853, 35. 

Monotypic, with Omithion inerme sp. nov. as type. 

Family ALAUDID^. 

Genus Alauda. 

Alauda Linnaeus, Syst. Nat., I, ed. 10, 1758, 165. 

9 species, representing 6 modern genera. 

1. arvensis. 

2. jrratensis, congeneric with No. 5. 

3. arborea, tyjKJ of Lullula Kaup, 1829. 

4. rampestris, type of Aqrodoma Swains. 1837; congeneric with No. 5. 

5. trivmlifi (= arbcmnis Bcchst.), type of Ar\J^ms Bechst. 1807. 

6. cristata, type of Galcridn Hoie, 1828. 

7. spinoleita, congeneric with No. 5. 

8. alpestris, type of Otocoris Bonap. 1838. 

9. inagna, type of Slurnella Vieill. 1816. 

Nos. 2, 4, and 7 are congeneric with No. 5, the type of Amicus Bechst. 

Type, by elimination, as designated by Gray (IS4®), and by universal 
consent, Alauda arvensis Linn., the first species. 

Genus Otocoris. 

Otocoris Bonaparte, Nouvi Ann. Sci. Bologna, II, 1838, 407. 

Monotypic, with Phileremos cornutu^ Bonap. (== Aktvda ctirysoimma ? 
Wagler) as type, a subspecies of Alauda alpestris Linn., given as the type 
in the Check-List. 


Family CORVIIX^. 
Genus Pica. 

Pica Brtsson, Orn., IT, 1760, 35. 


Type, by tautonomy, [Pica] pica Briss. == Corvus pica Li^., the first 
species. 

Genus Gyanocitta. 

Cyanocitta Strickland, Ann. and Mag. Nat. Hist., XV, 1845, 261. 

5 species referred to it. 

Type, as designated by the author, Corvus cruiatus Linn. 
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By the first species rule Cyanodtta would be a synonym of Cyanurus 
Swains.) 1831, except that Corvus cristatus I.iinn., the first species, is said 
to be not typical. 

Cyanurus Swainson, included, as originally founded (Faun. Bor.-Am., 
II, 1831, 495), 10 species, as follows: 

1. cristatusf type of CyanocUta Strickl. 1845. 

2. stelleriy congeneric with No. 1. 

3. sordidus Swains. = sieberi Wagler, 1827, currently referred to Aphelo- 
coma Cab. 1851. 

4. ftoridanus Bonap. = cyanea Vieill., currently referred to Aphelocoma. 

5. coronatus Swains., subspecies of No. 2. 

6. cyanopogon Wied, currently considered as congeneric with Cyano- 
corax Boie, 1826. 

7. pileaivs Temm., type of Cyanocorax Boie, 1826. 

8. azureus Vieill., referred by Strickland to his CyanocUta, but considered 
by later authors as aberrant. 

9. formosus Swain. (= Pica hullocki Gray), type of Callocitta Gray, 1841. 

10. cristaiellus Temrn., type of Uroleuca Bonap. 18.50, as restricted by 

Cabanis in 1851. 

Cyanurus Swains, is treated by most authors as a synonym of Cyanocorax 
Boie, 1826. According to Sharpe (c/. Brit. Mus. Cat. Bds., ill, 1877, 
p. 119, footnote), if used at all, it is available only for azureus, usually 
regarded as doubtfully congeneric with Cyanocorax. 

As already said, by the first species rule it would replace Cyanocitta 
of the A. O. U. Check-List for the large group of sj)ecies and subspecies 
so long known under the latter name. It is objected that in this case the 
first species cannot be taken as the type, because the author .stated that 
'‘the three first species are aberrant’’; then by the first species rule the type 
is the fourth sj>ecics, and hence Cyanurus must replace Aphelocoma, 

Genus Aphelocoma. 

Aphelocoma Cahanis, Mus. Hein., I, 1851, 221. 

4 congeneric species, as follows: 

1. calif(yrnica. 3. ultrarruirina, 

2. sieberi, 4. floridana. 

Type, as determined by Sharpe (Br. Mus. Cat. Bds., Ill, 1877, p. 112), 
and as since currently recognized, Garrulu>s californious Vigors, the first 
species. (Gray, 1855, made Aphelocoma a synonym of Cyanocitta, with 
Garrulus californievs Vigors as the type of Cyanocitta, a species inferentially 
excluded from the group by the original author, who, besides, explicitly 
designated a different species as the type.) 

Genus Xanthoura. 

Xanthoura Bonaparte, Consp. Av., I, 1850, 380. 



352 


Bulletin American Museum of Natural History> [Vol. XXWB^ 


3 species, all currently recognized as congeneric, namely: (1) peruamtSf (2) 
luxuosus, (3) guatemalemis. 

Type, as fixed by Gray (1855), and by general consent, Corvus p&tmnus 
Gmel. = C, yncas Bodd., the first species. 

Genus Perisoreus. 

Perisoreus Bonapahtp:, Saggio Dist. Metod. Anim. Vertebr., 1831, 43. 

3 species, 2 of them congeneric and 1 unde.s(*ribed, as follows: (1) infaustus, (2) 
canadensis, (3) “sp. nov.” undesc. 

Type, by general consent, C^orviift infaustiis Linn.; type designated by 
Gray (1840, also 1855), Corvus canadensis Linn. 

Genus Corvus. 

Corvus Linnaeus, Syst. Nat., ed. 10, I, 175S, 105. 

12 species, representing 10 modern genera. 

1. corax. 

2. corone, type of Corone Kaup, 1829. 

3. frugilegus, type of TrifjHincorax Kaup, 1854. 

4. cornix, congeneric with No. 1. 

5. rnonedula, type of Colvu.'i Kaup, 1829. 

6. henghalensis — Corncias bengaknsis Linn. 1766. 

7. glandaritis, type of (iarrulus Briss. 1760 

8. cristatus, type of CyanocUta Strickl. 1845. 

9. am^Qcatacte.'i, type of Nucifraga Briss. 1760. 

10. pica, type of P7.ca Briss. 1760. 

11 . jxiradtsi, type of Terpmphone. (Jlogcr, 1827. 

12. infaustus, type ol Perisoreus Boiiap. 1838. 

Nos. 2 and 4 are commonly coiLsidered as congeneric with No. 1. 

Type, as designated by Gray (1840), by elimination, and by common 
consent, (Corvus rnra.v lann., the first .species. 

Genus Nucifraga. 

Nucifraga Bhi.sson, Orii., II, 1760, 58. 

Monotypic, with [A ncifragd] nucifraga Brisson = Corvus cnrgocataetes 
Linn, as type; also tautonyinic. 

Genus Picicorvus. 

Picicorims Bonaparte, Consp. Av., I, 1850, 384. 

Monotypic, with Corvus columhianus Wils. as type. 

Genus Gyanocephalus. 

Cyanocephalus Bonaparte, Oss. Stat. Zool. Europ. Vert., 1842, 17. 

Monotypic, with Gymnorhivm ci/anocephalm Wied as type; hence 
tautonyinic. 
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Family STURNID.E. 

Grenus Stiimus. 

Stumus LiNNiBus, Syst. Nat., ed. 10,1, 1758, 167. 

4 species, representing 3 genera and 2 families. 

1. vulgaris. 

2. luteoluSy not identifiable. 

3. contray type of Stumopasior Hodgs. 1844. 

4. cinclus, type of Cinclus Bech.st. 1802. 

Type, as designated by Gray (1840), by elimination, and by general 
usage, Sturmis vulgaris Linn., the first species. 

Family ICTERIILE. 

Genus Dolichonyx. 

Dolichonyx Swainson, Phil. Mag. (2), I, June, 1827, 435; with a reference to 
Swains. Zool. Joum., No. 10.’’ One .species, ^^Emberiza oryzivara Wils.” 
Dolichonyx Swainson, Zool. Joum., Ill, Aug.-Nov. 1827, 351. Diagnosis, 
and type designated as Emberiza oryzivora Wils. = FringUla oryzivora Linn. 

Monotypic, with type by designation, FringUla oryzivora Linn. 

Genus Molothrus. 

Mo/<iffcrt4,s8wAiNsoN, Faun. Bor.-Ain., II, 1831 (Feb. 1832), 277 (first mentioned), 
494 (diagnosis, and type designated). 

Monotypic, with FringUla pecoris (Tincl. = Orhliis atcr Bodd. as type 
by designation. 

Genus Tangavius. 

Tangavius Lesson, Rev. Zool., Feb. 1839, 41. 

Type and only species Tangavius (= Callotlmis Cass., 1806) involucratus 
sp. nov. = Mohfhnis oericus rohiisius (’!ab. 1851. 

lleplaces CaJlothrus Cass. 1806, by priority. (C/. Nelson, Proc. Biol. 
Soc. Wash., XVIII, 1905, p. 125.) 

Genus Xanthocephalus. 

Xanthocephalus Bonaparte, Cousp. Av., I, 1850, 431. 

Monotyj)ic, with X. perspicUIatus (Licht.) = Icterus .vanthocephalus 
Bonap. as type; hence tautonymie. 

Genus Agelaius. 

Agelaius Vieileot, Analyse, 1816, 33. 

3 species = “3 sections.” 
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1. ^‘Troupiale commandeur, Buff/'= 07'io/ws phcmiceus L. 

2. “-de cayenne, Buff.” = Ono/w.s guianensis L., type of Leistes 

Swains. 1826. 

3. -de cap. More, Buff." == Oriolus cucuUaius P. L. S. Mull., type of 

Hyphanlorrm Gray, 1849. 

Type, as designated by Gray (1840) and by elimination, Oriohis phami- 
cens Linn., tlie first species, = the first ‘section' of the genus. 

Genus Stumella. 

Slurnella ViEiLLO'r, Analyse. 1816, 34. 

Monotypic, with “Stourne, ou Merle h fer-a-cheval. Buff.’’ Alauda 
mmpia Linn., 175S, as type. 

Genus Icterus. 

Icterus Bkisson, Orn., 11, 1760, 85. 

Type, by tautofioniy and as designated by Gray (1840), [Icteru.s] icterus 
Briss. = Oriolus icterus Tann. 

Subgenus Pendulinus. 

Pendulinus Vikillot, Analyse, 1816, 33. 

2 noncongeneric species. 

1. “Oriolus spunus (feunna).’^ 

2. “- ferrugineus Gni.," type of Scolecophagus Swains. 1831 (1832); 

preoccupied = Euphagus Gass. 1866. 

Used in the same year, in another connection (Nouv. Diet. d'Hist. Nat., nouv. 
6d., V, 1816, pp. 315-322), in a much broader sense. 

Type, by elimination, Oriolus spurius Linn., the first species. (Not 
Oriolus banana lann., as given by Gray, 1855.) 

Subgenus Tphantes. 

Yphantes Vieillot, Analyse, 1816, 33; Nouv. Diet. d’Hist. Nat., nouv. M., Ill, 
1816, pp. 214-216. 

2 species. 

1. “Baltimore franc. Buff.” = Oriolus ballimore Linn. 

2. “Spurius (mas ), Gm Lath ”= Orvolus spurius Linn., type of Pendulinus 
Vieill. (in next paragraph above on same page). 

In the second place of publication, these same two specnes, and no others, are 
included. 

Type, as designated by Gray (1855) and by elimination, Oriolus halti- 
more Linn. 1760 = Ooracias galhula Linn. 1758, the first species. 

Genus Euphagus. 

Euphagus Cashin, Proc. Acad. Nat. Sci. Phila., 1866, 413. 
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Monotypic, with Psarocolius cyamcephalus Wagler as type. 

Genus Quiacalus. 

Quiscalus Vieillot, Analyse, 1816, 36. 

2 noncongeneric species. 

‘^Gracula quiscala et Corvus mericanus, Lin. Gm. Lath.,^^ the latter a species 
of true Corvus Linn. 1758. 

Type, by tautonomy, as designated by Gray (1840), and by elimina¬ 
tion, Gracula quiscala Linn., the first species. 

Genus Megaquiscalus. 

Megaquiscalus Cassin, Proc. Acad. Nat. Sci. Phila., 1866, 409. 

6 nominal species, all congeneric, four of them being subspecies of the first 
species. 


1. 

major, 

4. 

tenuirostris^ 

2. 

assimUis, 

5. 

palustris, 

3. 

rnacrourus, 

6. 

peruvianus. 


Nos. 2, 3, .5, and 6 are subspecies of No. 1. 

Type, as designated by Sclater (1880) and by common consent, Quisca¬ 
lus major Vieill., the first species. 


Family FHIXGlLrJD.E. 

Genus Hesperiphona. 

Ilcspcriphona Bonapakte, Comp. Hend., XXXI, 1850, 424. 

IMonotypic; ‘^pour la Frmgilla cespertina de V Am(^*rique septentrion- 
ale” == Frimjilla vespertina Cooper. 


Genus Pinicola. 


Pinicola Vieillot, Ois, d’Ani^r. Sept. I, 1807, p. iv, pi. i, fig. 13. 

Monotypic, with Pinicola rubra Vieill. = Loxia enneleator Linn, as 
type. 

Genu.s Pyrrhula. 

Pyrrhula Brisson, Orn., Ill, 1760, 308. 

Type, by tautonomy, [Pifrrhuld\ pyrrhula Briss. = Friiigilla pyrrhula 
Linn. 

Genus Oarpodacus. 

Carpodacus Kaup, Skizz. Entw.-Gesch. Eur. Thierw., 1829, 161. 

2 congeneric species, erythrina and roseus. 

Type, as designated by Gray (1855) and by general consent, Loxia 
erythrina Linn. {Erythrina Brehm, of one year earlier date, and containing 
the same two species, is preoccupied.) 
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Genus Passer. 

Passer Brisson, Orn., Ill, 1760, 71. 

Type, as designated by Gray (1840) and by common consent, {Possct^ 
'passer domesiicus Briss. = Fringilla, domestwvs Linn. 

The genus originally contained 67 species (some of them nominal, 
others not identifiable), which was later restricted by various early authors 
to F. domesticay F. m^ntanay and other members of this well-defined group, 
the only synonym of whi(*h is Pyrgita Cuvier, 1817, founded for F. domestica 
and F. 'montanay but to which various other (mostly noncongeneric) species 
were referred in a footnote. 

Genus Loxia. 

luoxia LinNu«ii 8, Syst. Nat., ed. 10, I, 1758, 171. 

32 species, representing 22 or more modem genera, and including 6 species 
currently considered as unidentifiable. 

Type, by restriction, Lo.xm nirvirostra, the first species, and the only 
species of Loxia of Brisson, 1760, of Illigcr (ex Linn.) 1811, of Vicillot, 
1816, of Cuvier, 1817, of Gray, 1840, and of various subsequent writers. 
By general consent the Crossbills thus constitute the restricted genus Loxia, 
with L. curvirostra Linn, as type. 

Genus Leucosticte. 

Leucosticte Swainson, Faun Bor.-Am., II, 1831 (Feb. 1832), 267 (first mention), 
493 (diagnosis, and type designated). 

Monotypic, with Li norm (Leurostirte) tephrocotis sp. nov., as type. 

Genus Acanthis. 

Acanihis Bechstein, Om Tachenb. Deutschl., 1802, 125. 

4 species, representing 3 modern genera. 

1. carduelis, type of Cardwlis Brisson, 1760. 

2. spinus, type of Spinus Koch, 1816. 

3. linariu. 

4. flammea — .same as No. 3. 

Type, by elimination, FringiUa linaria Linn. 

By the first species rule Acanthi*t is a synonym of Cardiielw Brkson, 
and another name would be required for the group now called Acanthis 
in the A. O. U. Check-List. /Fgiothm Cabanis, Mus. Hein., I, 1851, 161, 
would be available. The type of lAnoUi Bonaparte, 1838 {FringiUa canna^ 
bina Linn.) is not congeneric, from the standpoint of the Check-List, with 
fringiUa linaria Linn., and Linota is therefore not available in place of 
Acanthis. The same holds true for TAnaria Bechstein, 1802. {Cf. Stone, 
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Auk, XXIV, April, 1907, p. 199. Stone attributes the genus Acanthis to 
Borkhausen, Deutschl. Fauna, 1,1797, 248, which work I have been unable 
to see.) 


Genus AstragaUnus. 

Astragalinus Cabams, Mus. Hein., I, 1851, 159. 

3 species, all congeneric. 

1. tristis. 

2. mexicanus (= psaUrta Say), type of Pseudomitris Cassin, 1865. 

3. columbianuSf subspecies of No. 2. 

Type, by elimination, as designated by Gray (1855), and by common 
consent, Fringilla tristis Linn., the first species. 


Genus Spinas. 


Spinus Koch, Bayer. Zool., 1816, xxxviii, 233. 

4 sjjecies. 

1. carduelis, type of Carduelis Bris.«5. 1760. 

2. Unarm, type of Acanthis Bechst. 1803. 

3. citrineUa, type of Citrinella Bonap. 1838. 

4. viridts = Fringilla spinus Tiiim. 


Type, by both tautonomy and by elimination, Fringilla spintus Linn., 
the last species. 


Genus Garduelis. 


Carduelis BrtissoN, Orn., HI, 1760, 53. 


Type, by tautonomy, [Carduelis] carduelis Briss. == Fringilla carduelis 
Linn. (North American only as an introduced species.) 

Genus Passerina. 

Passerina Vieillot, Analyse, 1816, 30. 

3 noncongencric species: 

1. “Ministre^’ = Tanagra cyanea Linn., type of Cyanospiza Baird, 1858. 

2. ‘H3rtolan de rit,” ^ Fringilla oryzivora Linn., type of Dolichonyx 
Swainson, 1827. 

3. “-de neige’’ = Emheriza nivalin Linn., ty^)e of Plectrophermx 

Stejneger, 1882. 

Type, by elimination, Emheriza nivalis Linn., the last species. 

By the first species rule Cyanospiza Baird would become a synonym of 
Passerina. 

The error Dr. Stejneger made (Proc. U. S. Nat. Mus., 1882, 33) in pro 
posing Piectrophenax for the Snowflakes in.stead of adopting Passerina for 
this group was in throwing out Passerina altogether because preoccupied 
in botany, in accordance with then current usage. It was not till four 
years later that the A. O. U. Code first established the ruling that ‘'Zoo 
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logical nomenclature has no necessary connection with botanical nomen* 
clature, and.... use of a name in Botany, therefore, does not prevent its 
subsequent use in Zoology.*' 

Genus Oalcarius. 

Cdtcarius Bechstein, Tachenb. Vog. Deutschl., 1802, 130. 

Monotypic, with Fringilhi lapjxmica Linn, as type. 

Genus Rhynchophanes. 

Rhynchophanes Baird, Bds. N, Amor., 1858, 432 (in text). 

Monotypic, with PJvHrophancs mccoumii Lawr. as tyjH'. 

Genus Pooecetes. 

Pocecetes Baird, Bds. N. Amer., 1858, 447. 

Monotypic, with FringiUa graminea Gmel. as type. 

By the first species rule Powcetes is a .synonym of Zonoirirhia Swains., 
1831 (see below under Zonotrichia). 

Genus Ammodramus. 

Ammodramus Swainson, Phil. Mag. (2), I, June, 1827, 435; here ineidentally 
mentioned in describing a new species, with a reference to ''Swains. ZooL Journ 
No. 10,'' where, a few months later, the genus was formally described and the type 
designated as Frinyilla caudacuta Wilson ~ Oriolus caudacutus Gmeliii. 

Ammodramus Swainsox, ZooL Journ., Ill, Aug.-Nov., 1827, 348. Formal 
diagnosis and type indicated. 

Type, as designated by the author, and also by general usage, Oriolus 
caudacutus Ginel. 

Type, by first species rule, A mmodramus bimaculatus Coturniculus 
savannarum bimaculatus auct.), a bird of a different genus. Coturniculus 
of the A. O. U. Check-List would thus become a synonym of Ammodramus, 
and a new name would be required for the j)resent Ammodramus group. 
(Cf. Stone, Auk, XXIV, April, 1907, p. 193, who proposes to replace Ammxn 
dramus with Passerherbulus Maynard, 1895.) 

Genus Passerculus. 

Passerculus Bonaparte, Geogr. and Comp. List, 1838, 33. 

3 species, belonging to 2 genera. 

1. savanna. 

2. palustris, a species of Melosjriza Baird, 1858. 

3. lincolni, congeneric with No. 2. 

Type, as designated by Cray (1840) and by Baird (1858), FringiUa 
savanna Wilson. 
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Subgenus Oentronsrz. 

Centronyx Baird, Bds. N. Amer., 1858, 440. 

Monotypic, with Emberiza bairdii And. as type. 

Genus Ootumiculus. 

Coiumiculus lk»NAPARTE, Geogr. and Comp. List, 1838, 32. 

2 congeneric species, generally considered as doubtfully separable from Ammo- 
dratnns. 

1. pastferina, 2. henslowii. 

Type, as designated by Cxray (1840), and by general consent, Fringilla 
passer in a Wilson. 

Genus Ghondestes. 

Chondestes Swainson, Phil. Mag. (2), I, June, 1827, 435. 

Monotypic, with Chomlestes sirigains sp. nov. (= C. gramacus strigatus) 
as type. 

(ienus Zonotiichia. 

Zonotrichia Swainson, Faun. Bor.-Arn.. 11, 1831 (Feb. 1832), 254 (first men¬ 
tioned), 493 (diagnosis and mention of “types”). 

4 species, only 2 of which are congeneric. 

1. (jratninea (pp. x.xiv, xxw 254), type of Pooecetes Baird, 1858. 

2. leucophrys. 

3. pennsylvanica == albicollu Gmcl. 

4. mvhdia, type of Melospha Baird, 1858. 

Xos. 2 and 8 are congeneric; No. 2, Emberiza lencophrys Forster, is 
currently accepted as the tvfx? (designated as such by Gray in 1840), although 
Bonaparte in 1832 (Saggio DLstr. Metod. Aniin. Vertebr. a sangue fredo, 
1832, p. 83) designated the type as Fringilla pensylvanica Lath., as follows: 
**Zonitrichia, Sw. (typ. Fr, pensiflrauica, Lath.).’’ 

By the first .species rule graminea might be the type, as the author failed 
to definitely designate a type, in which ca.se a new name would be necessary 
for the group now known as Zonotriehm in the A. O. U. Check-last, and 
Pocpceies would become a synonym. The case, however, is somewhat 
peculiar. While graminea stands as the first species in three jdac'es where 
the species of Zomtrirhia are given (pp. xxiv, xxxv, 254“257) it is not 
included as one of the ‘types’ (p. 493), where mehdm is included, while 
melodia, on p. 252, is mentioned as a connectant between Emberiza and 
Zonotrwhiaf and in such a way as to imply its reference to the former. 

[In this connection, my attention has been called by Mr. Stone to the 
genus Ilortulanus Vieillot, proposed by Vieillot, with a number of others. 
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in 1807 (Ois. Am. Sept., I, 1807, pp. iii and iv, and pi. i), several of which 
are in current use. They are each illustrated by figures of the bill and 
front part of the head of one or more species, and are accompanied by 
brief and sometimes very inadequate diagnoses; they each have, however, 
one or more species referred to them. 

Genus Hortulanus. 

Hortulanus Vieillot, Ois. Am. Sept., I, 1807, pp. iii and iv and pi. i, 

3 noncongeneric species. 

1. “No 3 [referring to the plate]. Bee d’un Ortolan touit, Hortulanus 
erythrophtolmus” (sic), type of Pipilo Vicill. 1816. 

2. “No. 6. Bee de TOrtolau a gorge blanche, Hortulanus albicollis .... 

Frinjgilla albicollis Linn. a species of ZonotrichUi Swains. 1831 

(Feb. 1832). 

3. “No. 14. Bee de TOrtolan k cou noir, Hortulanus mgricolhs . . . . 
Fringilla ftnvirollis, et d'Emheriza Americana” Gmel., type of Spiza 
Bonap. 1824. 

Type, by elimination, Fringilla albirollLs (xinel., the second species; 
type by first species rule, Fringilla erythrophthalmus Linn. 

The figure of the bill of Hortulanus crythrophtalmus is poor, but not 
worse than that of several of the other species figured, as Hortulanus alhi- 
collis and II. nigricollis. In these two ca.s(‘.s the names edited in the accom¬ 
panying t€'xt (“Explication des figures de la planche premiere^’) leave no 
doubt as to the species intended. In the case of Hortulanus erythrophtaU 
mus, the Linntean equivalent name is not given, but there can be no doubt 
that Fringilla crythrophthalrna Linn, is meant, this being the only red-eyed 
American Fringilline then known. The name ‘touit’ is definitive, being 
not only onomatopaMc, but Vieillot’s vernacular name for his genus Pipilo 
in 1816‘ and 1819^; when*, in the first ca.se, he cites as type “Pin.son aux 
yeux rouges, Buff.,” and in the .second case, ''Emberiza erithrophtalma 
Lath.,” and also (^atesby’s and Wilson’s figures of this species. 

That Vieillot did not. aj)parently, later make u.se of the name Ilortulafius, 
but adopted Pipilo for the first of these three species and Passerina for the 
others, is only one of many similar ca.ses in the writings of not only Vieillot, 
but of Bonaparte, Swainson, and many other authors of the first half of 
the nineteenth century. It has the .same kind of basis as have Pinicola, 
Pirangay and just as good a basis as many other names that have long been 
in current use and universally accepted. 

By elimination Hortulanus replaces Zonotrirhia; by the first species 
rule Hortulanus re])lace,s Pipilo.^ 

1 Analyse. 1816, p. 32. 

*Nouv. Diet. d’Hist. Nat., nouv. XXXIV, 1819, p. 291. 

•Gray (1855) in part referred Horiulanuft Vieill. to Pipilo Vieill. and in part to Euspiza 

Bonap. 
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Genus Spizella. 

Spizella Bonaparte, Saggio Distr. Met. An. Vert., 1832, 82. 

Type, Fringilla pnMla Wilson, the only species mentioned. 

Genus Junco. 

Junco Wagler, Isis, 1831, 526. 

Monotypic, with Junco phcconotus sp. uov. (= Fringilla cinerea Swains. 
1827, not of Gmelin, 1788) as type. 

Genus Amphispiza. 

Amphispiza Coues, Bds. Northwest, 1874, 234. 

2 congeneric species, bilineafa and belli. 

Type, as designated hy founder, Emberiza billneata Cass. 

Genus Peucsea. 

Peunra AiTDiTnoN, Synop., 1839. 112. 

2 noncongeneric species. 

1. baehmnni 

2 hncolni, u species of Meloapiza Baird, 1858. 

Type, as designated hy Gray (1855) and hy elimination, Fringilla 
bachinani And. (= P, a\stirails Imehmani)^ the first species. 

Genus Aimophila. 

Aiwophila Swainson, (’las.s. Bds., 11, 1837, 287. 

2 species. 

1. rufvscens. 

2. sup(rciliosa , ty|)e of Plagiospiza Ridgway, 1898. 

Type, by elimination, Pipilo rufescens Swains., the first species. (Gray 
(1855) de.signatetl tlie second species as the type.) 

(Rmus Melospiza. 

Melosjriza Baird, Bds. N. Am., 1858, 478. 

7 congeneric species. 

1. melodia, 4. rufino, 

2. heermanni, 5. fallax, 

3. gouldi, 6 lincolni, 

7. palustris, type of subgemis Ilelospiza Baird, 186S. 

Nos. 2-5 are subspecies of No. 1. 

Type, as designated by author, Fringilla melodia Wilson, the first species. 

Genus Paaserella. 

Passereila Swainson, Class. Bds., II, 1837, 288. 

Monotypic, with Fringilla iJiaea Merrem as type. 
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Genus Airemonops. 

Arremonops Ridgway, Man. N. Am. Bds., 2d ed., 1896, 434, 605. 

Monotypic, with Emheriza rufivirgaia Lawr. as type. 

Genus Oreospiza. 

Oreosjnza Ridgway, Man. N. Am. Bds., 2d ed., 1896, 439. 

Monotypic, with Fringilla chlorura And. as type. 

Genus Pipilo. 

Pipilo ViEiLLOT, Analyse, 1816, 32. 

Monotypic; type “Pinson aux yeux rouges, Buff.“ = Fringilla erg- 
throphthahna Linn. 

By the first species rule Pipih is a synonym of Hortulanus Vieillot, 
1807, the first species of whi(;h is unquestionably Fringi/la crythrophthalma 
Linn. (Sec above, under Hortulanus^ p. 360.) 

Genus Cardinalis. 

Cardinalis Bonapaute, Proo. Zool. Soc. Lend., 1837, 111. 

3 species, 2 congeneric. 

1. mrginianus, 2. phwnievus 

3. sinuatus, type ol Pyrrhutoxia Bonap., 1850. 

Type, by tautonoiny, Cardinalis virginiauus Bonap. = Loxia cardinalis 
Linn., the first species. 

Genus P3nTlniloxia. 

Pyrrhutoxia Bonaparte, ('onsp. Av., 1850, 500. 

Monotypic, with Cardinalis sinuatus Bonap. as type. 

Genus Zamelodia. 

Zamehdia Cotjes, Bull. Nutt. Orn. Club, V, 1880, 98. 

2 congeneric species; (1) ludoincmnn, (2) mclanoccptialn. 

Proposed to replace lledgmdes ('ab., ISol, with the same species, in 
the same order (preoccupied = Hahia Reich., 1850, also preoccupied). 
As the type of Ilabia Reich, was melanocephala, the type of Zamelodia 
should be the same species, Guiraca melanocephala Swains. 

Genus Guiraca. 

Guiraca Swainson, Phil. Mag. (2), I, June, 1827, 438; "incidental mention in 
describing a new species, with the reference, “Swains. Zool. Joum. No. 10,^' 

Guiraca Swainson, Zool. Journ., Ill, Aug.-Dee., 1827, 350, formal diagnosis 
and designation of “typical species,” as follows: 
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1. camdea. 

2. melanocephala, type of Habia Reich. 1850. 

3. Ittdoviciana, congeneric with No. 2. 

Type, as designated by Gray (1840) and by elimination, Loxia ccerulea 
Linn., the first species. 

Genus Oyanospiza. 

Cyanospiza Baird, Bds. N. Amer., 1858, 500. 

5 congeneric species. 

1. parellvm, 4. cyanea, 

2. versicolor^ 5. amcena. 

3. cim. 

Type, as designated by the author, Tanagra cyama Linn., the fourth 
species; also tautonymic. 

By the first species rule Cyanospiza is a synonym of Passerina Vieill. 
1816. (See above under Passerina, p. 357.) 

Genus Sporophila. 

SporophUa Cabanis. Wiegm. Arch. f. Naturg., 1844, i, 291; Tschudi^s Fauna 
Peruana, Avea, 1844-46, 211. 

3 congeneric apecies. 

1, luctuosa; 2, telasco (Less.); 3, alaudina (d’Orb. & Lafr.). 

Proj)osed as a substitute for Spei'mophila Swains, (preoccupied), with: 

Types, Pyrrhula falcirostrw, cinereola ''IVmm. pi. col. p. 11”; the first 
is not po.sitively identifiable, and the second == hypoleuca Licht. 

Type, either (and preferably) FringiUa hypoleuca T^icht. (type of Sper- 
vwphila), or Spermophila luctuosa Lafr. (type of Sporophila by general 
consent). In the Check-List no type is given. 

Genus Eaetheia. 

Euetheia Rkichenbach, Av. Syst. Nat., 1850, pi. 79. 

Monotypic, with FringiUa lepida Linn, as type. 

Genus Tiaris. 

Tiaris Swainson, Phil. Mag. (2), I, June, 1827, 438. Incidental mention in a 
faunal paper in describing a new species with a cross-reference to *'Su>ains. in Zool, 
Joum No. 10,'^ for the diagnosis and type of the genus. 

Tiaris Swainson, Zool. Joum., Ill, Aug.-Nov., 1827, 351. Diagnosis and 
designation of type. 

Type, by designation, FringiUa ornata Wied. Type, by priority of 
association, Tiaris pusillus Swains, sp. nov. 

The type as twice designated by the author (c/. Class. Bds., II, 1837, 
p. 280), and as universally rec'ognized till 1902, is FringiUa ornata Wied. 
In 1902 (c/. Richmond, Auk, XIX, Oct. 1905, p. 87), Tiaris was brought 
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forward to replace EveiJwm Cab. 1850, on the ground of priority. It would 
seem, however, that the cross-reference (c/. Allen, Auk, XXII, Oct. 1905, 
pp. 400-407) given in the ‘Pliilosophical Magazine’ to the ‘Zoological 
Journal’ for the diagnosis and the type should be held to establish as the 
type of Tiaris the species designated by the autlior in a paper previously 
sent to the ‘Zoological Journal/ but sufficiently delayed in publication to 
give the ‘Philosophi(‘til Magazine’ paper six months’ priority. 

Any ruling on the case of Tiaris is equally applicable to three other 
genera first published in these two papers, where we have by a chance 
association with a new generic name a species that is noncongeneric, from 
the modern point of view, with the type of the genus as designated by the 
author. These genera are Xiplwrhynchus, Vermivora, Tiaris and Amnw- 
dranius, with which is involved the status of three other genera, Helminth- 
ophila, Cotnrniculm and Dendrornis, or seven in all, affecting the names 
of about 60 species and subspecies, one half of which are constituents of 
the A. O. U. (dieck-List. Up to 1905 (c/. (Jberholser, Smiths. Misc. Coll., 
Quart, Issue, III, ])p. 59 -68, May 13, 1905) these genera (except Vermivora, 
a synonym of llelmifheros Raf. 1S19) were all supp()S(*d to rest on an unassail¬ 
able basis, having been universally current .sin(*e th(w were founded, fifty 
to seventy-five years ago, the type in ea(‘h case having been accepted as 
designated by the author. 

In the recently revised (but as yet unpublished) A. O. U. Code, it is 
provided that the type of a genus may be designated by the founder in any 
part of the work or paper where the genus is first published. As it has 
heretofore been ciLstomar}' to consult the intent of the author, and to accept 
his types even if only inferentially indicated, and always when designated 
in connection with a formal diagnosis, it would obviously facilitate stability 
in nomenclature if to the A. (). U. rule — good as far as it goes — the 
following reasonable additions were made, namely: “or hy the founder at 
some later date than the first publiration, provided that the species selected 
as the type is one of the originally included species, and has luot in the mean¬ 
time been mcule the, type of any other genus; and, provided further, that in 
the meantime a type for the original genus has not been designated in due 
form by some other author 1' That such a provision would work easily and 
give satisfactory results is capable of demonstration, the case of the above 
Swainsonian genera being in point, and also the case of Spiza, next follow¬ 
ing, whereby a very serious overturn of long-established names w^ould be 
prevented. (See also, aniea, Ectopistes, p. 326, and Amizilis, p. 346.) 

Genus Spiza. 

Spiza Bonaparte, Journ. Acad. Nat. Sci. Phila., IV, i, 1824, 45, 46, 56. 

7 species, all noncongeneric from the modern standpoint. 
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1. americaruif designated by the author, in 1827, as the type of Spiza; 
also as type of Euspiza Bonap. 1832. 

2. savanna, type of Pasaerculus Bonap. 1838. 

3. socialis, congeneric with type of Spizella Bonap. 1832. 

4. passerina, type of Cotumiculus Bonap. 1832. 

5. dris, congeneric with No. 6. 

6. cyanea, type of Cyanospiza Baird, 1858. 

7. leucophrys, usually accepted as type of Zonotrichia Swains. 1831. 

Before any of the species were transferred to other genera the type was fixed 

by the author as Emberiza americana (Imel. (c/. Bonaparte, Specchio Comp, della 
Cm. di Roma e di Filadelfia, 1827, p. 47, footnote; Ridgway, Proc. U. S. Nat. Mus., 
Ill, 1880, pp. 3, 4). Hence: 

Type, by designation of founder, Emberiza americana Gmel., the first 
species. I.,ater the same species was made by the founder (wSaggio Distr. 
Metod. Anirn. Vertebr. a sangue fredo, 1S32, p. 83) the type of a new genus 
Enspiza, and Spiza was transferred to his group ‘‘Spizie Tanagroideae!'' 

Genus Oalamospiza. 

Calamospiza Boxapaktk, Geogr. and Comp. List, 1838, 30. 

Moiiotypic, with Fringilla hicolor Townsend (not of lann.) = C. rnelano- 
corps Stejn. 1885) as type. 


Family TANAGHIILE. 

Genus Euphonia. 

Euphoria Desmarkst, Hist. Nat. Tang., 1805, pi. xix, and accompanying text. 

5 species, usually regarded as congeneric. 

1. Euphoiie organiste = Pipra mus-ica Gm. 

2. ** teite = Frimyilla violacea Linn. 

3. “ chlorotique — Tanagra chlorotica Linn. 

4. ” negre = Tanagra cayenmnsift Linn. 

5. “ olive = Euphonia oliracca sp. nov. 

In 1840, G. R. Gray (List Gen. Bds., 1840, p. 44) designated Pipra 
muLsica Gmel. as the type of Enphonia (= Euphone Gray), and this designa¬ 
tion was affirmed by Cabanis in 1860 (Journ. f. Orn., 1860, 333), who referred 
Cyanophonia Bonap. (Rev. ct Mag. de Zool., 1851, p. 158) to it as a synonym, 
Cyanophonia originally including only Pipra mmica Gmel. and Euphonia 
nigricollis Vieill., it having been proposed for the blue-headed Euphonias 
only. 

Genus Piranga. 

Piranga Vieili^t, Ois. Am. Sept., I, 1807, p. iv. 

Monotypic, with Piranga rubra = Muscicapa rubra Linn. 1766 — 
Fringilla rubra Linn., 1758, as type. 
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Family IlIllUNDlNIDJi. 
Genus Hinmdo. 


Hirundo Linn.eus, Syst. Nat., ed. 10, 1758, 191. 

8 species, nearly all noncongeiicric. 

1. rustica. 

2. esculenfa, type of CaUocalia Gray, 1840. 

3. urbica, type of Clielidon Boie, 1822. 

4. riparia, type of Hiparia Forster, 1817. 

5. apus, tyf)e of Micropus Mayer & Wolf, 1810. 

6. subis, type of Prognc Boie, 1826. 

7. j)elagira, type of Cho'tura Stephens, 1825. 

8. melba, congenerici with No. 5. 

Types as designated by CJray (1S40) and by elimination, Jlirundo 
rustica f^nn. 


Genus Progne. 


Progne Hoik. Isis. 1826, 972. 


Monotypie, with 11 irundo purpurea Wilson = Hirundo subis lann* 
as type. 


(lenus Petrochelidon. 


Pctrochflicion (Ubanis, Mus. llein., I, 1850, 47. 

5 species, now referred to two genera. 

1. nielanogafitra Swains. 

2 nufneans Vicill., type of HylocJuiidon Gould, 1865; retained in Pvtro- 
chdidoti by Sharpe*. 

3. leucoptera Gm. — albivcnlris Bodd., currently referred to Tachycineta. 

4. leucorhoa Vieill., currently referred to Tachycineta. 

5. leucopyga Meyer (ncc Licht.) = meyeni Cab., currently referred to 
Tachycirwta. 


Type, as de.signated by Gray (1855) and by elimination, Hirundo 
inelanogastcr Swains. 

Genus Tachycineta. 

Tachycineta Cabanis, Mus. Hein., I, 1850, 48. 

2 species. 

1. thalassina. 

2. bicolor, type of IrUloprocne Coue.s, 1878. 

Evidently Hirundo thalassina Swains., the only species given in the text 
(bicolor is mentioned in a footnote) was intended as the type, as designated by 
Gray (1855), and as it is by elimination. 


Genus Iridoprocne. 

Iridoprocne Coues, Bds. Col. Vail., 1878, 412. 

5 species mentioned as referable to it. 
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Type, as designated by the author, Ilirumlo bicolor Vieill. 

Genus Oallichelidon. 

Callichelidon Baiud, Rev. Am. Bds., 1865, 271, 294, H03. 

2 congeneric species. 

Type, as designated by the author, Ilirumlo cjjaueoviridis Bryant. 

(ienus Biparia. 

Riparia Fokstku, Synop. ('at. Brit. Bds., 1817, 17. 

Monotypie, with Riparia europwa Forst. — Ilirumlo riparia Linn, 
as type; also tautonymie. 

G(muis Stelgidoptersrx. 

Sffi(juio}yteryj- B\iiU), Bds. N. Am., 1H5S, 312. 

^Nlonotypic, with Hirumlo scrripeunis And. as iype. 

Family AMPFLIIXE. 

(K'nus Ampelis. 

Aoipchs Linn.kos, Syst. Nat., ed. 12, I, 1766, 297. 

7 species, mostly noncongeneric. 

1 (jiirruluH. 

2. porufKtdora, type of Xiphoh oio (iloger, 1842. 

3. carmfvx, tyfH? of Pimnirercux Swams. 1831. 

4 cotiruja, type of Cotinga Brisson. 1760. 

5. maynana, congeneric, with No. 4. 

6. cayana, (rongeneric with No 4. 

7. tcrsa, type of Procnias llliger, 1811. 

Type, as designated by (jray (1855, not 1S40) and by elimination, 
Lanins garrulus Linii., the first speeies. 

Family FFILIOGOXATID.E. 

Genus Phainopepla. 

Phainopcpla Sclater, Proc. Zool. 8oc. Lond,, 1858 (Jan. 1859), 543. 
Monotypie, with Ptilogonijs uiiens Swains, as type. 

Family LANllD.E. 

Genus Lanius. 

Lanius LinnvBXts, Syst, Nat., ed. 10, 1758, 93. 

10 species, belonging to 6 genera. 

1. criatatus, type of Otomela Bonap. 1854. 
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2. cxcvhitor. 

3. collurio, type of Enncoctonus Boie, 1826. 

4. tyrannus, tyjxj of Tyrannus Cuvier, 1799. 

5. carnifex, type of Phwnicercus Swains. 1831. 

6. schach, congeneric with No. 2. 

7. senator, congeneric with No. 2. 

8. carulescens — Buchawja coprulescrns auct. 

9. jocosus, a species of Otocompsa Cab. 1850. 

10. gamihis, type of Ainpelis Linn. 1766. 

Nos. 1, 3, and 6 are, by coiunion consent, congeneric with No. 2. 

Type, by elimination, as designated by Gray (1840), and by general 
usage, Lanht^s cxcubitor Linn., the second species. 

Family YIREOxNTD.E. 

(icnus Vireo. 

Vireo Vieillot, Ois. Am. Sept., I, 1807 (1808), 83. 

3 noncongeneric species. 

1. musicus = noveborocensU Gincl. 

2. virescens — otivaceus Linn., tyjK? of Vireosylvia Baird, 1866. ex Bonap. 
1838. 

3. flavifrons, type of Lam vireo Baird, 1866. 

'rype, as designaled by (iray (1840), by elimination, and by general 
consent, Muscicapa novchoracensh (inicl., the first specie's. 

Genus Vireosylva. 

Vireosylva Bonapakte, Geogr. and Comp, List, 1838, 26. 

2 congeneric species, olivacea and hartrami Sw. = agilis Licht. 

Type, as designated by Gray (IS40), and later by Baird (ISOti), Mas- 
cicapa olivacea Linn. 

Genus Lanivireo. 

Lanivireo Baird, Bcv. Am Bds., May, 1866, 345. 

4 congeneric species, 

Ty])e, as de.signated by the author, Vireo flarifrons Vieill. 

Family aEKEBILLE. 

(b'nus OcBreba. 

Cwreha Vikillot, Ois. Am. Sept., 1, 1807 (1808), 80. 

Monotypic, with Certhio/a flaveola lann. as type. 

Family MNIOTJLTIILE. 

(jenus Mniotilta. 

MniotUta Vieillot, Analyse, 1816, 45. 



907 .] AUeriy Types of Genera of North American Birds. 369 


Monotypic, with ‘^Figuier varia, Buff.** = Motacilla varia Linn., as 
type. 

Genus Protonotaria. 

Protonotaria Baird, Bds. N. Am., 1858, 239. 

Monotypic, with Motacilla citrea Bodd. 1783 = Motacilla protonotaria 
Gmel. 178S; hence also tautonymic. 


Genus Helinaia. 

Helinaia Audubon, Synop., 1839, 66. 

10 species, representing 4 modem genera. 

1. swainsonii. 

2. vermivora, type of HelniUheros Rafin. 1819, and of Vermivora Swains. 
1827. 

3. protonotarius, type of Protonotaria Baird, 1858. 

4. chrysoptera, congeneric with No. 10. 

5. bachnianiif “ 

6. carhonata — indetemiinable. 

7. pcreyrina, congeneric with No. 10. 

8. solitaria, “ 

9. celata, “ “ « 

10. ruhrirapiUa, type of Hetminthophaga Cab. 1850. 

Nos. 4, 5, 7, 8 and 9 are congeneric with No. 10, rubricapiUa, the type of Hcl- 
minthophaga C'abanis, 1850. 

Type, as designated by Coues (Bds. Col. Vail., 1878, p. 212) and by 
elimination, Syhin swaltmmll Aud., the first species. 

Genus Helmitheros. 

Helmithcros Rafixesque, Journ. de Rhys., LXXXVIII, June, 1819, 418. 

“Ia* type de ee genre est la Fauvette vermivore de Wilson, que je nomme 
11. migratorius'^ == Sylvia vermivora Wilson = Motacilla vermivora Gniel. 
Monotypic. 

Genus Helminthophila. 

Hehninttwphila Ridgway, Bull, Nutt. Orn. Club, VII, Jan. 1882, 53. 

8 sjiecies, all congeneric, as follows: 

1. bachmanii, 5. virginioif 

2. chrysoptera, 6. celata, 

3. pinus Jj. = solitaria Wils., 7. pcregrina, 

4. rufitapUla, 8. Ivrice. 

Proposed to replace Hehninthopkaga Cabanis, 1850, with Sylvia ruhri- 
capilla Wilson as type, which thus becomes the type of llclmintlwphila. 

[In this connection it is necessary to consider the case of Vermivora 
Swains, (cf. Oberholser, Smiths. Misc. Coll., Quart. Issue, III. pt. 1, May 13, 
1905, pp. 66, 67). 

Upril, 1907,11 tBS 
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Vermivora Swainbon, Phil. Mag. (2), June, 1827, 434, an incidental use of the 
name with a cross-reference to Zool. Journ. No. 10.” 

Vermivora Swainson, Zool. Joiini., IIT, Aug.-Nov., 1827, 170; diagnosis and 
type designated. 

Type of Vermivoraj as designated by the author and by tautononiy, 
Sylvia vermivora Wilson, which renders Vermivora a synonym of Hehni- 
theros Ilafinesque, 1819.] 

Genus Oompsothlypis. 

Compsothlyiris Cabanis, Mus. Hein., I, 1850, 20. 

3 species, 2 of them congcn(*ric. 

1. americano] 2, jntiayufKa; 3, mexicana. 

Nos. 1 and 2 are congeneric; No. 3 was removed by Ridgway in 1884 to his 
genus Orcothlypis. 

Type, as indicated by Gray (1855) and by eoininon eon.sent, Pnrus 
americanus Linn., the first species. 


Genus Peucedramus. 

Peucedrawus Cot es, Zool. Wheeler's Expl. W. lOOth Merid,, 1876, 201. 

Monotypic, with Sylvia olivacea (brand as type. 

Genus Dendroica. 

Dendroica (Iuay, List. Gen. Bds., 1842, App., 8. 

Type, as de.signated by tlie author, Sylvia coronata Lath.; also niono- 
typic. 

Genus Seiurus. 

Seiuruii Swatnson, Phil, Mag. (2), I, May, 1827, 369. 

2 species, aurocajdlluis and tenuirostris, the latter not satisfactorily identifiable. 

Type, by elimination, and also by designation (Swains., Zool. Journ., 
Ill, Apr.-July, 1827, 171), MotaciUa aurocapillus Linn. 


Genus Oporomis. 

Oporornis Baird, Bds. N. Am., 1858, 246. 

2 species, agiHs and formosa, 

^‘The typical species is (juite .similar in color to Geofhlypis phiIndelphiaP 
Hence, type by indirect de.signa1ion, Sylvia agilis Wils., .formom being 
very differently colored from 0, Philadelphia. 

Genus Geothlypis. 

Geothlypis Cabanis, Wiegm. Arch. f. Naturg., 1847, i, 316. 

To replace ^‘Trichas Sws. nee Gloger.” 

Trichas Swainson, Zool. Journ., HI, Apr.-July, 1827, 167. 
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Type of TrichaSy by designation and tautonomy, Trishas personatiis 
Swains. = Turdus trichas Linn. Hence the type of Geothlypis should be 
Turdus trie has Linn. 


Subgenus OhamsBthlsrpis. 

Chamasthlypis Ridgway, Man. N. Am. Bds., 1887, 525. 

Type, as designated by the author, Geothlypis poliocephala Baird. 

Genus Icteria. 

Icteria Vieillot, Ois. Am. Sept., I, 1807, iv, 85. 

Monotypic, with Icteria dumieolu Vieill. = Turdus inrens linn, as type. 
Genus WiLMmia. 

WUsonia Bonaparte, Geogr. and Comp. List, 1838, 23. 

4 specks: 3 congeneric, 1 indetenninable. 

1. mitrata. 

2. brmapartei = Municapa canadenfna Liim., congeneric with No. 1. 

3. minuta, indeterminable. 

4. pusilla, congeneric with No. 1. 

Type, as designated by A. (). U. C'oinniittee in 1899 (Auk, XVI, p. 123), 
MotacUlu mitrata Ginel., the first species. 

Genus Setophaga. 

Setophaga Swainson, Phil. Mag. (2), May, 1827, 368, with cross-reference to 
Swains, Zool, Journ. No. 10.” (— Zool. Journ., Ill, July-Nov., 1827, 368), where 
diagnosis is first given and type designated. 

Monot}^ic, with t} 7 )e designated as Muscicapa ruticilla Linn. 

In the original place of publication (Phil. Journ., 1. c.) Setophaga con¬ 
tained 3 species, as follows: 

1. ruticilla. 

2. miniala, removed by Baird, 1865, to his genus Myioborus, 

3. rubra, type of Ergaticm Baird, 1865. 

The type, by elimination, is also Motacilla ruticilla Linn., the first species. 
Genus Oardellina. 

*^CardeUina Du Bus, Esq. Om,, 1850, pi. 25.” (Not seen.) 

Monotypic, with Oardellina amicta Du Bus = Muscicapa riilmfrofis 
Giraud. 

Genus Ergaticus. 

Ergaticus Baird, Rev. Am. Bds., 1865, 237, 264. 

Monotypic, with Setophaga rubra Swains, as type. 
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Genus Basileuteras. 


BasUeuterus Cabanis, Schomburgk^s Reiso in Guiana, III, 1848, 666. 
Monotypic, with B, vermivoriis (Cab.) == Sylvia vermivora Vieill. as 
type. 


Family IMOTACILLID:^:. 


Genus Motacilla. 


Motacilla Linn^exts, Syst. Nat., ed. 10, 1758, 184. 

34 species, representing numerous modem genera. 

Type, as designated by Gray (1840) and by universal consent, M, alba 
Linn., the tenth species. 

The type by an unrestricted first species rule woxild be M, lucinia Linn. 
= JEdon luscinia auet., or more properly Luscinia luscinia, and the very 
large group now known as Motacilla would require a new name. 

Genus Budytes. 

Budytes Cuvier, R6gne Anim., I, 1817, 371. 

Monotypic, with Motacilla ftava Linn, as type. 

Genus Anthus. 


Anthus Bechstein, Gem. Naturg, Deutschl., Ill, 1807, 704. 

4 congeneric species, fonning two unnamed families^’ or subgenera. 

1st fam. 

1. Anthus orboreus mihi = A lauda triviolis Gm. L.," type of Spipola 
Leach, 1816, and of Pi pastes Kaup, 1829. 

2. Anthus campestris u\\hi — Aiauda pratensis = ramj)estris t Gm. L. 
No. 4,’’ type of Agrodoma Swains. 1837. 

2d fam. 

3. Anthus pratensis mihi = Alauda pratensis Gm. L. No. 2,” type of 
LeimonipiUa Kaup, 1829. 

4. Anthus aquaiicus mihi = Alauda spinoletia L. 12 ed. p. 288.^' 

Type, as designated by Gray in 1840, and by general consent, Anthus 
arboreus Bechst. = Alauda triviolis Linn., the first species; type by elimina¬ 
tion, and as given in tlie Check-List, Anthus aquaticas Bechst. = Alauda 
spinolctta Linn., the fourth species. As the four original species of Anthus 
are now universally treated as congeneric, there seems to be no objection to 
taking as the type the species designated by Gray in 1840. 


Family CINCLID.E. 

Genus Ginclus. 

^‘Cinclus Borckhausen, Deutchl. Fauna, I, 1797, 300.'' (Not seen.) 
Type, by tautonomy, Sturnus einclus Linn. 
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Family MIMID^. 

Genus Oroscoptes. 

Oroacoptes Baird, Bds. N. Am., 1858, 346. 

Monotypic, with Orpheus monianus Townsend as type. 

Genus Mimus. 

Mimus Boie, Isis, 1826, 972. 

^lonotypic, with Turdm polyglottos Linn, as type. 

Genus Galeoscoptes. 

Gateoscoptea Cabanis, Mus. Hein., I, 1850, 82. 

Monotypic (in the text, two other species referred to it in a footnote), 
with Muscicapa carolinensie Linn, as type. Antedated by Spodesilaura 
Reichenbach, 1850, with same t 3 rj)e. Mr. Stone (c/. Auk, XXIV, April, 
1907, p. 193) claims a still earlier name with which to replace Galeoscoptes^ 
namely, Dumetclla '‘S. D. W.’* 1837 (an unknown author), based on the 
‘‘Cat Thrush of Latham” = ? (^at Thrush of Wilson. 

Genus Toxostoma. 

Toxoatoma Waglek, Isis, 1831, 528. 

Monotypic, with T. vetula Wagler = Orpheus ciirvirostrU Swains, 
as type. 

Subgenus Harporhynchus. 

Ilarporhynchua Cabanis, Wiegrn. Arch. f. Natiirg., 1848, i, 98. 

Type, as designated by author, Ilarpes redivlva Gambel. To repla(!e 
IlarpeSy preoccupied in carcinology (Goldfuss, 1839). 

Family TROGLODYTID.E. 

Genus Heleodytes. 

Heleodytea Cabanis, Mus. Hein., I, 1850, 80. 

2 congeneric species, grisea Swains,, and minor sp. nov. 

Type, as designated by Gray (1855) and by common consent, Furnarius 
griseus Swains. 

Genus Salpinctes. 

Salpinctes Cabanis, Wiogin. Arch. f. Naturg., 1847, i, 323. 

2 species, obaoletus Say and mexicanua Swains. 

The latter l>ecame the type of Catherpes Baird, 1858, leaving Troglodytes 
obsoletus Say as type of Salpinctes, as designated by Gray (1855). 
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Genus Oatherpes. 

Catherpes Baird, Bds. N. Am., 1858, 356. 

Monotypic, with Thryothorus inexioanus Swains, as type. 

(icnus Thryothorus. 

Thryothorus Vikillot, Analyse, 1816, 45, 70. 

Monotypic, with “IVoglodyte des roseaux, Vicill. Ois. Am. Sept.^^ = Troglodytes 
arundinaceus Vieill., 1. c., a composite species. 

Type, as first (‘orreetly determined by Baird (1858), Sylvia ludovidana 
Latham. 

Troglodytes arnmlinaceus Vieill, is (‘ornposite, the plate and description 
(both poor) evidtmtly indicating the Oirolina Wren (Sylria ludoviciana 
Lath.) while the very full account of the bird's haunts, liabits, and particu¬ 
larly the manner of nesting, belong exclusively to the Long-billed Marsh 
Wren = Cerihia 'palustris Wilson, as later stated by Vieillot himself (Xouv. 
Diet. d’Hist. Nat., nouv. ^d., XXXIV, 1819, p. 58), who says the bird 
figured in his ^Oiseaux de rAni6rique septentrionale' is the Carolina Wren, 
while the whole account of its habits belongs to the ]\larsh Wren. 

Genus TtuToznanes. 

Thryomanes Sclatek. Cat. Am. Bds., 1862, 22. 

Monotypic, with Troglodytes hewickii Aud. as type. 

Genus Troglodytes. 

Troglodytes Vieillot, Ois. Am. Sept., II, 1807 (1808 or later), 52. 

2 noncongencric species. 

1. aedon. 

2. arundtnacea, type of Thryothorus Vieill. 1816. 

Type, by elimination, Troglodytes aedon Vieill., the first species. 

Evidently Vieillot's name is tautonymic, from Motacilla troglodytes 
Linn., but as originally founded it contained only the two species at^vc 
mentioned. Later, in 1816 (Analyse, p. 44), he stated that it contained 

sections" and gave, **Esp. Troglodyte, Bufi.— Trog. wdon Vieill. 
Ois. de TAin." The first species (= first section) is, of course, the Motacilla 
troglodytes Linn. At this time he eliminated the second species. Troglodytes 
arwndinaoeus (composite), included in it in 1808, making it the only species 
of his new genus Thryoikorns. In 1819 (Nouv. Diet. d'Hist. Nat., nouv. 
^d., XXXIV, pp. 505-575) he maintained this separation, but added to 
Troglodytes the Winter Wren, various species of South American wrens 
allied to the Douse Wren, and also the European "Wren. As , however, 
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the type of the genus Troglodytes must be one of its originally included 
species, the type is necessarily Troglodytes aedon Vieill. 

(renus Olbiorcbilus. 

OlhiorMus Oberholser, Auk, XIX, ]902, 177. 

Tyj)e, by designation, MotaeiJla troglodytes Linn. Proposed to. replace 
Aivorthura auct., not of Rennie, which, as given by Rennie, is merely a sub¬ 
stitute name for Troglodytes Vieill. Olbiorchilus^ however, it is claimed, 
must be repla(*ed by the much earlier, but only recently discovered genus 
Nanmis Rilberg, 1828, with the .same type, given to replace Troglodites 
Cuvier, 1817, not of Vicillot, 1808. {Cf. Stone, Auk, XXIV, April, 1907, 
p. 194.) 

(jenus Gistothonis. 

Ciatothorus Cabanis, Miis. Hein., I, 1850, 17. 

IVIonotypic, Avith (\ sielUiris —• Troglodytes stellaris Licht. as type. 

Cenus Telmatodytes. 

Ttimatodytes Cabanis, Mus, Hein., pt. i, 1850, 78. 

2 noncongeneric siwcies. 

1, arundinaceus {^'^Thryoih, arvndinaccus Vieill., Certhia palustris 

Wils.'O. 

2. hevrichi (= Trocjlodyies benncki Aud.), type of Thryomanes Sclat. 1861. 

Type, by eliinination, Certhia jHiliistris Wils., the first species. 

Thryothoms arundinaceus Vieill. being composite, as already explained, 
the type is necessarily Certhia palustris Wils., cited by Cabanis as a synonym 
of Vieillot’s species, and thus indicating the species really intended. 

Family CERTIIIID/E. 

Genus Certhia. 

Certhia Linnasus, Syst. Nat., ed. 10, 1758, 118. 

5 species, of which 2 are unidentifiable. 

1. famHians. 

2. pusilla, not identifiable. 

3. ccBTvleaj a species of Cyanerpes Oberholser, 1899 = CoBreba auct., not 
Vieillot. 

4. cruentata, not identifiable. 

5. flaveola, type of Coercha Vieill. 1807 == Certhiola Sundevall, 1835. 

Type, as designated by Gray (1840) and by elimination, Certhm famil- 
iaris Linn., the first species. 
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Family SlTTIDiE. 

Genus Sitta. 

SUta LiNNiKUS, Syst. Nat., ed. JO, 1758, 115. 

Monotypic, with Sitta euro'pcea Linn, as type. 

Family PARID/E. 

Genus Bffiolophus. 

Bcpolophus Cabanis, Mus. Hein., 1850, 91. 

Monotypic, with Parus bicolor Linn, as type. 

Genus Parus. 

Parus Linnaeus, Syst. Nat., cd. 10, I, 1758, 189. 

12 species, representing 8 modern genera and 2 families. 

1. cristatus, type of Lopliophanes Kaup, 1829. 

2. major. 

3. americanus, type of Compsoihlypis Cab. 1850. 

4. casruUaSy type of Cyanistes Kaup, 1829. 

5. ater. type of PisciU Kaup, 1829. 

6 palustris, congeneric with No. 5. 

7. amdatus, type of Acredula Koch, 1816. 

8. biarmicusj type of Panurus Koch, 1816. 

9. pi'pra = Pijrra leucocilla Linn., 1766, type of Pipra Linn. 1766, by 
tautonomy. 

10. ertjihrocephalus = Pipra erythrocephala Linn. 1766, congeneric with 
No. 9. 

11. aureola = Pipra aureola Linn. 1766, congeneric with No, 9. 

12. ccla — Oriolus pcrsicus Linn, 1766, a species of Cacirus (cf. Hartert, 
Nov. Zool, XIII, 1906, p. 20), 

Type, as designated by Gray (JS40) and by elimination, Parus major 
Linn., the second species. By the first species rule Lophophanes becomes 
Parus and a new name would be required for the group currently designated 
as Parus. 

[By a recent but as yet unpublished ruling of the A. O. U. Committee 
Penthestes takes the place of Paru^ in the A. O. U. Check-List; hence: 

Genus Penthestes. 

Penthestes Reichenbach, Av. Syst. Nat. Tropid., 1850, pi. 62. 

Monotypic, with Parus lugubris Temm., as type, with which the Ameri¬ 
can species referred to Parus in the A. O. U. Check-List are congeneric.] 
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Genus Psaltiiparus. 

PsaUriparus Bonaparte, Compt. Rend., XXXI, 1850, 478. 

Monotypic, with PsaUriparus personatus sp. nov. == Paras melanotis 
Hartlaub, 1844, as type. 

Genus Auriparus. 

Auriparus Baird, Rev. Ani. Bds., 1864, 85. 

Monotypic, with uEgithalus flavkeps Sund. as type. 

Family CHAM.F:ID.E. 

Genus Chamsea. 

Chamana Gambel, Proc. Acad. Nat. Sci. Phila., 1847, 154. 

Monotypic, with Parus fcLsciatus Gaiub. as type. 

Family SYI.VIlDiE. 

Genu-s Acanthopneuste. 

Acanthopncuste Blabius, Naumannia, 1858, 313. 

Type, by implication, Phyllopncusfe [Acanthopneuste] borealis sp. nov. 
Includes also Phyllopiieuste jaeanica (Horsfield), which is congeneric. 

(J«nus Regulus. 

Hegulus Citvikr, Le^. d'Anat. comp., I, 1799, tab. ii. 

Monotypic, with the “Roitelet’^ ~ MotaciUa reguhis Linn, as type; 
hence also tautonymic. 

Genu.s Polioptila. 

Polioptila ScLATER, Proc, Zool. Soc. Loud , 1855, 11. 

4 species, all congeneric. 

Type, by implication, and as de.signated by Gray (1855), and also by 
universal consent, MotaeiUa ccrruira Linn. 

Family TURDllLE. 

Genus Myadestes. 

Myadestcs Swainson, Jardine^s Nat. Libr., XIII, Flycatchers, 1838, 132. 
Monotypic, with Myadestes [sic] geniharhis sp. nov. as type. 

Genus Hylodchla. 

Hylodchta Baird, Rev. Am. Bds., 1864, 12, 

Type, by designation, Tnrdus mustelinus Gmel. 
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(Jenus Turdus. 

Turdus LiInn^uh, Syst, Nat,, ed. 10, I, 1758, J68. 

16 species, representing 13 modern genera or siihgenera. 

1. viscivorus. 

2. pilans, ty|)e of Arceiithnmis Kaup, 1829. 

3. iliacus, type of Ihacus Des Murs, 1860. 

4. mutncus, eongeneric with No. 1. 

5. canorus, type of Cratcrojms Swains. 1831. 

6. rujus, a sjrKicies of Toxosloma Wagler, 1831. 

7. polyyloftus, type of Mnnvs Floie, 1826. 

8. orphevs, (•ongeneric with No. 7. 

9. plumhnn, tyf)e of Mnnockhla Sol. 1859. 

10. criniitis ~ Muscicapa cnnita Linn 1776, a species of Myiarchus Cab. 
1845. 

11. rosms, tyj)e of Mcrula Koch. 1816 

12. mcrula, tyf»e of Mcrula Leach, 1816. not of Koch, 1816. 

13. iorquahis, type of Copsichus Kanp, 1829; congeneric with No. 1. 

14. solifarivs — Turdus ryayws Linn. 1766, a species of Monticola Hoic, 
1822; also type of Cyanocincin Hume, 1873. 

15. arundinaceiis, type* of A(roccphalus Naum. 1811. 

16. rirevs, type of icterw Vieill. 1807. 

Nos. 1, 4, and 13 arc coiumonly regarded as ci>ngeneric. 

Type, a.s (le.sigiiated f)v (Jray (1(840), and by general consent, Turdus 
viscivorus Linn., the first species. 

(fcruis Planesticus. 

Plarwsticus Bonapautk, Coinpt. Lend., XXXVIll, Jan. 1854, 3. 

6 species. 

' Turdus lercboullct} s}). nov. “ Turdus jamairensis Grnel. 

1. Ploncsticvs albivcntcr Bp. 

2. Turdus amaurochahnus Cab. 

3. “ phcopjjcjus Viih 

4. assimUis Cab. 

5. “ tnstis Cal). 

Various other species are mentioned as Monging to it. 

Type, as selected by Haird (1804) and since generally a(‘cepted, Turdus 
jamaiceusis Gniel. 

To replace Merula I^each, recently disi'overed to be preoccupied by 
Merula Koch (1810), with Turdus rosews Linn, as type and only species. 
(Cf. Stone, Ank, XXIV, April, 1907, p. 194.) 

Genus IxoreuB. 

Ixoreus Bonaparte, Compt. Rend., XXXVIll, Jan. 1854, 3 (footnote). 
Monotypic, with type by designation, Turdus uwvius Gmel. 
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Genus Oyanecula. 

Cyamcula Brehm, Isis, Dec., 1828, 1280. 

5 congeneric species, only 2 valid. 

1. Cyanecula suecica Brehm = cwrulecula Pall. 

2. “ orienialis Brehrn, same as No. 1. 

3. ** wolfi Brehm = cyanecula Wolf. 

4. obscura Brehm, same as No. 3. 

5. ** leucocyanca Brehm, same as No. 3. 

Type, by tautonomy, Sylvia cyanecula Wolf. 

Cyanecula is preoccupied by Cyanosylvia Brehm on an earlier page in 
the same paper, and based exelasively on Sylvia suecica (Linn.). (C/. 
Stone, Auk, XXIV, April, 1907, 193.) 

Genus Saxicola. 

Saxicola Bechstei^, Orn. Tachenb., 1803, 216. 

3 sfKJcies, representing 2 genera. 

1. Saxicola ananthe = MotaciUa mnanihv Linn. 

2. Saxici)la ruhetra = M. riUx'tra Linn., type of Pratincola Koch, 1816. 

3. Saxicola rul)icola = M. rMcola Linn., congeneric with No. 2. 

Typ(', as designated by Gray (LSIO) and by elimination, MotaciUa 
ornanf/ie Linn., the first species. 

(reiius Sialia. 

Sialia Swainson, Phil. Mag. (2), I, May, 1827, 369, incidentally employed, 
with cross-reference to *^Sioains. in Zool. Journ, No. 10.’^ 

Sialia Swainson, Zool. Jonrn., III. July~Nov., 1827, 173, where the genus was 
first characterized and the type designated as Motacxlla sialis Linn. 

The species first referred to Sialia (in Phil. Mag., L c.) is Sialia azurea, 
a nomcn nudum and of doubtful application. 

Type, by designation, MotaciUa sialis Linn.; also tautonyrnic. 

III. GENERAL SUMMARY. 

1. Statistical R6sum£. 

The Check-List, with its Supplements, comprises 375 genera and 40 
subgenera, or a total of 415 generic and subgeneric groups. In addition 
to these, about 15 other genera are collaterally treated in the foregoing 
pages. They may be classified as 


Monotypic.212 

Polytypic.218 


430 
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The polytypic gjenera, or those containing two or more species when 
founded, may be further classified, on the basis of the manner of type 


determination, as follows: 

T3T)e by designation of the author ^.32 

Type by tautonomy ^.57 

Type by elimination (including work of ‘first reviser’) . . 124 

Type by general consent.5 


218 

Of the 124 genera the types of which have been determined by elimina¬ 
tion, 34 consiwSted originally of only congeneric* species, and the type has 
been designated by a ‘first reviser’ — usually by G. R. Gray, but some¬ 
times, as in the case of genera proposed since 1855, by some later author. 
The so-called class of ‘types by consensus of opinion,’ rests either upon 
elimination — even those of the Linnsean genera — or upon the initiative 
of some first reviser. 

Now that the foregoing pages are in type and can be more readily ana¬ 
lysed than when in manuscript, it seems worth wdiile to amplify the remarks 
on an earlier page (p. 280) in reference to G. R. Gray’s work in designating 
types, and also on the frequency of the first species being the ty})e (as now 
currently recognized) under the combined operation of the first reviser and 
elimination, as these two agencies have worked in unison and are inseparable. 
Of the 124 genera classified above as ‘type by elimination,’ Gray (1840"1855) 
indicated types for 90 of them, the first species being the type in 65 cases, 
and some other than the first species in the other 25, although in 9 of these 
latter the first species was available as tiie type at the time he assigned a 
type. Of the 65 genera for which he took the first species as the type, the 
first species w^as the only one available for a type in 30 cases, all the other 
original species having ])reviously been made the types of other genera, or 
were strictly congeneric with such types; in 24 other cases either all of the 
original species were congeneric, or all of tliose left in the genus at the time 
he selected a tyj)e were congeneric, giving him free rein to select the first 
species as type without in any way doing violence to the original author’s 
intentions.® 


X 1 other words, genera depending for their types on designation by the author, but not 
including all of the gencya having types so designated. For convenience of classification, all 
xnonotyplc genera are placed together as one group, although, as a matter of fact, the type in 
many cas^ was also designated by the author, while in 12 cases monotypic genera are also 
tautonymic, and in a few cases a genus with the type designated by the author is both tau- 
tonymic and monotypic. 

* That is, the tj^e depends entirely on tautonomjy; genera that are both tautonymic and 
raono^pic are placed under monotypic', as explained in the preceding footnote. 

11 madvertence or otherwise. Gray designated as types species not 

originally included in the genus, and in such cases his designations are necessaruy here Ignored* 
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2. Changes Necessary from the Standpoint of Elimination. 

Changes in the present Check-List names of genera and subgenera due 
to the recent discovery of overlooked or preoccupied or otherwise invalid 
names, or to the rule of tautonomy, are rigidly excluded from considera¬ 
tion in the present comparative r^um6. 

1. Cyclorrhymhu8\ becomes Phakris, 

2. Phaleris; becomes Alcella, 

3. Procellaria; becomes Thalussidroma. 

4. Ceophlams; becomes PhtwoUmus, 

These changes involve only 5 species of North American birds, and 
result from three errors of elimination. In one case the error was due, 
apparently, to a mistake in the identification of a species; in the case of 
Ceophlwus the determination of the type was correct from one point of 
view, but not from a strict consideration of the entire case. 

In this connection it would be unpardonable not to call attention to 
the excellent work of the subcommittee, Mr. Ilidgway and Dr. Stejneger, 
of the original A. O. IJ. Committee on Nomenclature, who are wholly respo- 
sible for the nomenclature of the original edition of the Check-List, pre¬ 
pared for publication twenty-one years ago, on the basis of the then recently 
adopted A. O. U. Code. That the work was most thoroughly and intelli¬ 
gently done admits of no question. 

At this point a word of comment is pertinent relative to the oft-made 
assertion ^ that elimination is not only difficult, but can be done in so many 
ways that no two eliminators agree in their results. As said above, I took 
up this task of elimination as though it had never been done before, wholly 
independently of the Check-List, and of any results by previous workers. 
Yet not only do my results agree almast perfectly with the type determi¬ 
nations of the Check-List, but equally close with those of the various 
authors concerned in the preparation of the British Museum 'Catalogue of 
Birds,’ so far as the genera are strictly comparable. The coincidence of 
types by elimination with the type designations of Gray, made half a cen¬ 
tury ago, has already been noted. In other words, Gray's selection of 
types must have been, in a great many cases, due to careful elimination, in 
order to determine which of the original components of a genus were avail¬ 
able as the type. 


Cl Science, N. S.. Vol. XXIV. 1906. pp. 660-665; Vol. XXV, 1907, pp. 147-161. 
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3. Changes necessary by strict application of the First 

Species Rule. 


a. Genera, 


1. Aix; in case Aix s^ionsa is considered noncongeneric with A, 
galericulata, as in Sharpe’s ‘Hand-List of Birds’; requires a 
new name. 

2. Actitis; reduced to synonjmy and replaced by Tringoides, 

3. Bonasa] reduced to synonymy and a new name required. 

4. Tympanuchus; replaced by Bona,m, 

5. Cathartes; replaced by Rhinogryphus, 

6. Gypagus; reduced to synonymy and replaced by Cathartes, 

7. Aphelocoma; reduced to synonymy and replaced by Cyanurus, 

8. Acantim; reduced to synonymy and replaced by /Egiotlvus, 

9. Passerina; replaced by Pleetrophenax, 

10. Cyanospiza; reduced to synonymy and replaced by Passerina. 
tl. Poa>cet€s; reduced to synonymy and replaced by Zonotrichia. 

12. Zonotrichia (of the Check-List), rendert^d naim^less. (On 
the Poavefcs-Zonotrichia case see antea^ p. 359.) 

b. Subgcncra, 

13. Po(lkcps\ reduced to synonymy and replaced by a new name. 
(If my view of the case of Podiceps, antea^ p. 290, be accepted, 
the name is in any ease untenable.) 

14. Dysporus] reduced to synonymy and rendc‘red nameless (see 
antea, p. 300). 

15. Melanitta; reduced to synonymy and rendered nameless. 

These changes affect the names of 27 species and 15 subsjKicies; none 

of these changes is necessary under the rule of elimination. The fortu¬ 
nate rule of 1 autonomy shifts the burden of change in the cases of a number 
of other genera from the first species rule to tautonomy; the enforcement of 
the rule of tautonomy makes them obligatory in any case; without it they 
would be changed by tlu* first species rule but would remain unchanged by 
the rule of elimination. 
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4. Other easily avoidable Changes in the A. O. U. Check¬ 
list Names. 

Four impending disastrous changes in generic names of North American 
birds are avoidable by adherence to common sense methods in respect to 
types by designation of the founder of the genus. As already stated (antea, 
p. 364), four generic names of North American birds were casually associated 
in their first publication with species not intended as the types of these 
genera, the paper in which they were intended to have their first publication, 
with diagnoses and designated types, having been delayed in publication 
by circumstances beyond the control of the author. These genera are 
the Swainsonian genera Ammodramue, Cotumieulus, Tiaris, and Vermivora, 
which an* all liable to be transfcrretl, on a trivial technicality, to associations 
entirely different from their accepted relations for three-fourths of a century, 
on the basis of the types as designated by the founder, and liitherto universally 
accepted. The details having already been given at length in this paper 
(see aviea, pp. 358, 363, 364), and a remedy suggested (p. 364), they need 
not be h(‘n* repeated. By this pro|x)sed overturn: 

(1) Amvwdramus takes the place of Coiurniculus. 

(2) CoUmiwulus is relegated to synonymy and is replaced by a new 
name. 

(3) Tiaris takes the place of Euefheia, which is reduced to synonymy, 
and a new name takes the place of the original Tiaris. 

(4) ]Ielviwthophila is replaced by Vermivora, which is properly a 
synonym of Tlelmitheros. 

This is essentially due to the first species rule, in spirit if not in form, 
since the first species rule necessarily ignores the function of the first reviser, 
so influential for stability of nomenclature in the past, even when the first 
reviser is the founder of the genus. Acceptance of the suggestion already 
made on p. 364 will prevent such a regrettable overturn of names, involving 
the nomenclature of 19 species and 12 subspecies of the Check-List and, 
through the transposition of Xiphorhynchus (proposed in the same paper 
with the other genera mentioned above) and Dendromis, 25 or more exotic 
species. 

As pointedly said by Dr. Stiles “As a matter of fact, the status of no 
generic name is satisfactorily established, from the modern point of view, 
until the type is designated. But when this type is once designated, by any 
method whatsoever, so long as the species selected was an original species, 


» Science, N. S., Vol, XXV. 1907, p. 147. 
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valid from the original author’s point of view, and unreservedly classified 
in his genus, why reopen the question?” 

In conclusion, I wish to express my thanks to Mr. Witmer Stone, Curator 
of Ornithology in the Academy of Natural Sciences of Philadelphia, for his 
kindness in greatly facilitating my work in the library of the Academy, and 
for many valued suggestions in connection with the preparation of the 
present paper; to the library authorities of Columbia University for the loan 
of books, and to Dr. G. M. Allen, Secretary of the Boston Society of Natural 
History, for similar courtesies. 
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Article XVn.— NEW SPECIES OF GALL-PRODUCING 
CECIDOMYlIDiE. 

By William BEUTENMtjLLER. 

Plates XIII-XVII. 

The following notes on some well known and new species of gall-pro- 
dmnng Cecidoinyiidfle are the results of a few observations made by me 
on this interesting group of Diptera. In my studies of this family of insects 
I have endeavored to acquire some knowledge of their galls, larvae, and 
food-habits, and not simply to collect the mature insects in the field, because 
1 believe that no attempt should be made to describe the adults only, especi¬ 
ally from dried cabinet specimens or specimens collected at random in the 
field. The adults when dry almost always lose their colors and specimens 
taken in the field are invariably devoid of certain scales or markings by 
means of which they may be recognized, making descriptions of them veiy^ 
unsatisfactory. In this respect I agree absolutely with the late Baron R. 
Osten Sacken who says regarding the study of the Cecidomyiidse:^ “It 
is a peculiarity of the family CecidomyiidjB that its natural hbtory has always 
been studied in close connection with its classification. This is owing to 
the fact that the gall, the produce of the insect in its first stage of life, is 
generally a more striking object in nature than the insect itself. The 
latter small, tiny, difficult to preserve on account of their extreme delicacy, 
still more difficult to distinguish from their congeners on account of the 
uniformity of their appearance and coloring, would afford a very unsatis¬ 
factory object of study, unless in connection with the varied deformations 
which their larvie produce on plants. The study of this family, different 
in this respect from most of the other families of insects, cannot be prose¬ 
cuted apart from the observation of living nature, and for this very reason 
will always be a monopoly of the naturalist so situated as to afford su(^h 
observations.“ 

In a recent paper® Dr. E. P, Felt loses sight of this important matter 
and describes one hundred and seventy-nine new species of Cecidomyiidie 
of which fifteen only were bred from their galls; the remaining species were 
taken at random in the field, on flowers, by sweeping or otherwise. He 
also named ninety-six of his new species after the plants upon wdiich the 
adults were resting or after those plants in whose vicinity they were found. 

* Mono^aph of North American Diptera, Vol. I, 1862, p. 173. 

* New Species of Cecldorayiidw, by Ephraim Porter Felt, Albany, New York, 1907, pp. 1- 
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Through the study of their life-history, more than likely it will be found 
that these species affect entirely different plants from those whose names 
they now bear. Dr. Felt’s paper will undoubtedly cause great confusion. 
His system of nomenclature is obviously in this case misleading. The 
student of the subject will naturally conclude that the various species 
identified by botanical terms appertain to or feed upon the plants whose 
names have been given to them. 

Asphondylia autuxnnaliB sj). nov. 

Male and female,- - Head black, flattened, front very narrow, somewhat orange; 
eyes large, deep black. Antennae long, joints longer than broad, brown. Thorax 
brown black above, with rather long hairs in the grooves and at the sides. Side 
of thorax partly dull orange. Abdomen dull orange, densely covered with sepia 
brown scales obscuiring the ground color. T^egs browui. Wings hyaline, rather 
densely covered with brown scales. Cilia sepia brr)wm Haltcres scaled with sepia 
brow’ll, knob orange. Expanse of male 5.5 inm.; of female 7 mm. 

(rail (Plate XITl, Figs. 1. 2).— (llobular or irregularly rounded with a number 
of aborted leaves at the apex, and elations of the stems of the plant at the sides. 
It is green outside and white inside. Interior rather soft, pithy and somewhat 
succulent, causing the gall to shrivel up and decay after the flies have emerged. 
Inside are a number of cells in w’hich the larvie live. These transform in the gall 
and the flies emerge during the latter part of August and early in September. The 
gall measures from 20 to 30 mm, in length and from 15 to 30 mm. in width. It 
occurs on Ilelenium autumnale. 

Habitat .— Valley of the Black xVfountains, North ('arolina. 

The adults were described from seven males and eight females. 

Asphondylia patens sp. nov. 

Female .— Head black, front orange, iiosterior edge and neck dull orange. An- 
tennjc dark sepia brown, joints much longer than broad. Thorax dull brow’n on 
top, partly dull orange at the sides, and with rather long hairs in the groov'^es on toj) 
and at the sides. Thorax somewhat whitish at the sides if held in a certain light. 
Abdomen dull orange, densely covered with dark brown hairs and scales. Eegs 
velvety black with a pure white mark on the junction of the femora and tibia; tarsi 
with a broad w’hite band at the base covering the first three joints; claw's white. 
Wings semiopaque, covered with numerous black .scales; costa black w’ith black 
hairs. Expanse 7 mm. l.,ength 2 75 mm. 

Gall (Plate XTTT, Figs. 3, 4).— An accumulation of aborted leaves, forming a 
rosettedike body, measuring from 10 to 20 nun, in length. In 1-he center it is bud¬ 
like, and inhabited by a single larva. The gall is formed on the tips of branches 
of a tall, pale, purple-flowered aster {Aster patens) and is caused by the arrest of 
growth of the tenninal buds. 

Habitat .— Valley of the Bla(;k Mountains, North (Carolina. 

The adults were de.scribed from three females. 

The gall is quite common during the latter part of August. The larva 
pupates in the bud-like chamber and the adult emerges in September. 
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AB^oadylift co&spicua Osten Sacken. 

AsphondyUa rudbeckuB conspicua Osten Sacken, Tr. Am, Ent. Soc., Vol. Ill, 
1870; p. 51; Bbrgenstamm & L5w, Verh. Zool.-Bot. Gesell. Wien. Vol, XXVI, 
1876, p. 69; BeutenmOeler, Bull, Am. Mus. Nat. Hist., Vol. IV, 1892, p. 293. 

The gall of this species is found on Rudbeckia triloba and Rvdbeckia 
laciniata. The adult and gall were described by Osten Sacken and the 
gall is figured here for the first time (Plate XVI, Fig. 6), 1 have taken it 
in the valley of the Black Mountains, North Carolina, in August, and have 
also received it from Miss Alberta Field from Ashtabula, Ohio. The 
adults emerge late in August and early in September. 

Asphondjlia globulus Osten Sacken. 

AsphondyUa helianihi globulus Osten Sacken, Tr. Am. Ent. Soc., Vol. II, 1869, 
p. 301; ibid., Vol. Ill, 1870, p. 52; Bergenstamm & L6w, Verh. Zool.-Bot. Gesell. 
Wien, Vol. XXVI, 1876. p. 89; Martin, Psyche. Vol. V. 1888, p. 102. 

The gall (Plate XVII, Fig. 16) of this species is found on the giant 
sunflower {Helianthus giganieus) and sav\toothed sunflower {Helianthus 
grosse-serraius) in August and September. The pupa, gall and adult were 
briefly described by Osten Sacken and again in detail by Martin. The 
adults emerge in September and October. 

Oecidomyia ulmii sp. nov. 

MaU and femak .— Head black. Antennae rather long, joints about as long 
as wide, brown. Thorax black on top, red at sides and beneath. Abdomen bright 
red with a few black scales. I^egs brown. Wings hyaline with minute black scales. 
Gilia browTi. Expanse, 2.5 nim. 

Gall (Plate XIII, Fig. 5).— This i.s made by folding and growing together of 
the small, immature terminal leaves or leaf-buds of the American elm (Ulmus 
omericana), causing them to swell into galls. 

Habitat .— Bronx, New York (-ity, and vicinity. 

Described from three males and fourteen females. The gall may be 
found during June and July. The imago emerges during the same months. 

Oecidomyia uyss^cola sp. nov. 

Mak and female .— Head jet black. Antenme as long as the body, joints longer 
than broad and nearly all of equal size, ciliato, brow n. Thorax deep black or deep 
red with two orange, parallel longitudinal lines along the middle; thorax orange 
at the sides and beneath. Abdomen orange, sparsely beset with browui scales. 
Legs dusky brown above, pale sordid white beneath. Wings hyaline with very 
minute dark scales and with a strong purj:>lish reflection; a broad yellowish trans¬ 
verse band near the base, a large spot Ijelow' the costa near the middle, another 
similar spot opposite on the inner margin, and another spot on the outer margin, 
all yellow. Cilia purplish browm. If held in a certain light the wings are pale 
yellow, except across the middle, whei'e they are purplish. Expanse about 2.5 mm. 
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Gall (Plate XIII, Fig. 7). This is made by a narrow upward and inward fold of 
the margin of the leaf of sour gum (Nyssa sylvatica) and measures about ,3 to 1 mm, 
in diameter and from about 2.5 to 3.5 mm. in length. Sometimes only a few of the 
folds occur on a leaf and again the entire margin on both sides of the leaf is covered 
with them, causing the leaf to become 8calloi)ed. The gall is pale yellowish or 
yellowish green and contrasts with the dark green leaf, making it a rather con¬ 
spicuous object, readily detected. The galls are sometimes more or less contiguous- 
when occurring in numbers on the same leaf. When dry the gall becomes brown. 

Habitat.— Virginia, Kentucky, Illinois, New York, New Jersey, Pennsylvania, 
Valley of the Black Mountains, North Carolina, (alt. 3500 feet). 

Described from one male and one female. 

Very common everywhere in the vicinity of New York, from which 
locality my specimens w’erc obtained. The gall may be found in June and 
the fly emerges in July. 

Gecidoiii3ria unguicula sp. nov. 

Male and female.-- Head and antenna* black. Thorax dark brown black with 
scales of the same color. Thorax dull red at the sides and Ixineath. Abdomen 
dark red brown with dark brown scales in form of bands. Legs dark brown. Wings 
hyaline with dark brown scales, costa dark brown; at the base at the insertion of 
the wings, blood red. Hal teres black. Expanse of male 3 mm.; of female 4 mm. 

Gall (Plate XIII, Fig. 9).— Somewhat of the shajx; of a small carpet-tack with 
the broad part attached to the leaf. The base is rounded at the sides, from which 
it suddenly becomes narrow, terminating in a sharp point at the apex. Inside it 
is hollow and contains a single larva. Found in clusters on the under side of the 
leaf of hackberry (Celtic orridentalis). Length about 3 to 5 mm.; width of base 
about 2 tt) 3 mm. 

Habitat: Cincinnati, Ohio (Mi.ss Ruth S. Harvey). 

Described from two males and eight females. 

Oecidomyia rudbecki® sp. nov. 

Male and female .— Head black, face yellow. Antenrne pale yellowish browui. 
Thorax pale yellowish brown, dull orange at the side and bclo<v. Abdomen bright 
red. IjCgs pale yellowish brown Wings hyaline with pale golden yellow scales- 
in form of patches and bright blue where there are no scales. The blue may be seen 
only wiien the insect is held in a certain light. Cilia pale yellowr. Halteres pale 
yellow% p]xpan.se 2.5 to 3 mm. 

Gall (Plate XIII, Fig. 6).— This is a defonnation and enlargement of the flow- 
erlets of the cone-flower {Riulheckin hirta), sometimes defonning all the flowers in 
the cone. The enlargements are in fomi of leaflets which are usually greenish in 
color or are tinged with brown or reddish. 

Habitat. — Valley of the Black Mountains, North Carolina. 

Described from two males and five females. 

The larva is orange and leaves the flower to pupate in the ground. The 
fly emerges in August. 
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Oecidomyia pudibunda Osten Sacken, 

-jOsTKN Sacken, Ent. Zeit. Stettin, 1861, p. 419, No. 18 (gall only). 

Cecicbmyia pudibunda Osten Sacken, Mon. Dipt. N. Am., Vol. I, 1862, p. 202 
(gall and larva); Glover, MSS. Notes, Dipt. 1874, p. 9, pi. xii. Fig. 30 (colored 
figure of gall); Beroenstamm Low, Verb. Zool.-Bot. Gesell. Wien, Vol. XXVI, 
1876, p. 87 (gall only). 

Male and female: Head black. Antcnme smoky brown, about as long as the 
body, ciliate. Thorax, abdomen and legs, semitranslucent, pale yellow. Wings 
hyaline, with a few dark hairs. Cilia pale yellow. Expanse 2 mm. 

Gall (Plate XIII, Fig. 8).— Consists of a fold between the ribs on the leaf of 
hornbeam (Carpinus caroliniana) with the opening on the underside of the leaf. 
It is usually red above and pale green beneath. In length the galls vary from 4 mm. 
to the width of the leaf from the midrib to the margin. Usually several or many 
galls arc found upon a single leaf. Formed in June and the larva leaves the gall 
to pupate on the ground. The adult appears in July. The larva, according to 
Gsten Sacken, is exceedingly small and white; when magnified it appears semi- 
translucent, with an orange spot about the middle of the body, and with numerous 
short, erect bristles; the head is distinct, as well as the two short antennae. 

Habitat .— Bronx Park, New York City. 


Oeddomyia? chinquapin sp. nov. 

iMrva .— Orange red. Body elongate with the segments slightly incised at the 
junctions, Tenninal segment with a few very minute filaments. Anchor-process 
or breast bone (Plate XIV, Fig. 14) narrow at base, gradually increasing in width 
to the ai)ex, where there are two lateral prongs rounded at the tips. Length 1.76 
mm.; width .5 mm. 

Gall. (Plate XIV, Figs. 12, 13).— Consists of a small irregular swelling in the 
burr of chinquapin {Castarfia pumila). It contains a single larva which leaves the 
gall to pupate in the ground. 

Habitat .—Valley of the Black Mountains, North Carolina (W. B.). 

The gall may be found during the latter part of September. The 
adult is unknown. 

Oecidomyia? vemonia sp. nov. 

Larva .— Yellow. Body slender and elongate. Terminal segment rounded 
without any projections. Anchor-process or breast bone (Plate XV, Fig. 8) long 
and slender, gradually increasing in width from the base to the apex which has two 
lateral teeth and a short median one. Length 2.5 mm.; width .5 mm. 

Gall (Plate XV, Fig. 7).— Green, sometimes tinged with red, rounded or elongate, 
and of the texture of the stem of the plant. Inside it is soft, fleshy, and contains a 
single larva in an elongated, narrow' channel. Length about 7 to 12 mm.; width, 
5 to 9 mm. 

When dry the gall becomes brown and pithy inside and somewhat resembles a 
cherry-pit. It is usually situated on the mid-rib of the leaf of ironw'eed {Vemonia 
navehoracensis). 

Habitat .— Valley of the Black Mountains, North Carolina (W. B.), Staten Island, 
New York City (W. T. Davie), Indiana (Mel. T, Cook). 
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The gall is quite conniion during September, and the larvae overwinter 
and transform in the gall. The adult is unknown. 

Oecidomyia? pustoloides sp. nov. 

Larva. — Orange. Body somewhat flattened, broad, ovate, with the segmenta 
at the sides rounded, and rather deeply incised at the junctions. Terminal segment 
with two very minute, rather wide-separated projections. Anchor-process or 
breast bone (Plate XVII, Fig. 2) very narrow from the base to about the middle, 
from which point it gradually expands, and has two lateral rounded projections at 
the apex. Length 1.25 mm.; width .8 mm. 

Gall (Plate XVTI, Fig. 1).— Circular, blister-like, and slightly protruding on 
each side of the leaf It meas\ires about 4 to 7 mm. in diameter. Found in clustera 
on the leaves of different kinds of oaks {Quercus rubra, Q. coccinea, Q. iinctorUi, 
Q. nana, Q. marylondica), in September. 

Habitat. ~~ Valley of the Black Mountains, North Carolina; Lakehurst, New 
Jersey. 

The adult is unknown. 

Gecidomyia? meibomi® sp. nov. 

Larva.-- Pale yellow. Body ovate, rather broad. Tenninal segment with a 
deep notch at the middle and without projections. Anal slit deep. Anchor-process 
or breast bone (Plate XV, Fig. 11), short, slender from the base to the much ex¬ 
panded anterior portion wdiich has tw'o rather long lateral prongs at the ajxjx. 
Length 1.25 mm.; width .5 mm. 

Gall (Plate XV, Figs. 9, 10). — Dull green, subfusifonn or elongate-oval, more 
or less tapering to a long point at the apex, wdiich sometimes show^ parts of deformed 
leaves. Inside it is hollow', inhabited by a single larva in a rather large oval chamber 
at the base of the gall. Beyond this chamber it is lined with wdiitish fil>er to the 
tip of the gall. It measures from 8 to 22 mm. in length and from 4 to 8 in width. 
Found during the latter part of August and in September in clusters of three or 
more at the tenninal part of the stem of several si)ecies of tick-trefoil {Meibomia 
rigida, M. Uevujata, M. pauciflora, etc.). 

Habitat.-- Valley of the Black Mountains, North Carolina (W. B.); Staten 
Island, New York City (W. T. Davis). 

The adult is unknown. 

Gecidomyia? semenivora sp. nov. 

Larva.— Orange. Body apparently smooth with the segments incised a little 
at the junctions. Tenninal segment rounded at the tip without any projections 
or filaments. Anchor-process or breast bone (Plate XV, Fig. 4) rather short, slender, 
from the base to the miKjh enlarged anterior portion. This part is rounded at the 
sides with two well separated, large lateral teeth at the apex. Length 2 mm.; 
width .75 mm. 

Gall (Plate XV, Figs. 1, 2).— Green, globular or irregularly rounded with a 
small nipple at the apex and it is attached by a short stalk to the base of the plant. 
Inside it is hollow and contains many larvae (Plate XV, Fig. 3) which feed upon the 
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defom^ed Heeds. The gall is about the size of a pea or gooseberry and measures 
from 6 to 14 mm. in diameter. 

The gall is a malfonnation of the seed capsules of apetalous or dels- 
togamous flowers of stemless or acaulescent violets (Viola aamllata, F. paU 
mata, V, affinis, V. septentrionalis and probably other species). 

This gall was first recorded by E. L. Green (Pittonia, Vol. V, 1902, p. 
103) and described by E. Brainerd (Rhodora, Vol. VI, 1904, p. 15). The 
specimens from which my descriptions were made were collected by Mr. 
W. DeW. Miller at Plainfield, New Jersey. According to Mr. Miller, 
the gall may be found from July until late in October. I'he larvee when 
mature spin cocoons inside the gall and hibernate in this state. The adult 
is unknown. 


Oecidomyia? eupatoriflorsB sp. nov. 

jMrm.— Bright orange red. Body very finely papillose under a high power 
lens; segments rather deeply incised at the junctions. Terminal segment on the 
dorsnin with a prominent projection notched at the apex. At each side of this 
projection on the margin of the segment is a pair of very short filaments and a short 
blunt process; hind angles of segment produced. Anal slit extending across the 
posterior extremity w'hich is rounded. Anchor-process or breast bone (Plate XVI, 
Fig. 5) long and slender to the very broad anterior portion, which is rounded at the 
sides and with two teeth at the apex. Length 3 mm.; width .8 nun. 

Gall (Plate XVI, Fig. 4).— Green, succulent and pubescent. Globular or irregu¬ 
larly rounded, with or without a depression at the apex around which are defonned 
fKitals of the flowers. It- is usually on a .short stalk, like the flowers of the-plant. 
Inside it is soft, watery, and is inhabited by several larvae, w^hich live in separate 
chambers. Length from alx)ut 10 to 16 mm.; width about 8 to 15 mm. The gall 
grows singly or in clusters among the flower-head.s of Eupatorium ageratoides, in 
September. 

Habilat: Valley of the Black Mountains. North Carolina (W. B.), Staten Island, 
New York City (W. T. Davis). 

The adult is unknown. 

Oeddoxnyia? verbesins sp. nov. 

Larva .— Orange red. Body slender, elongate. Terminal segment rounded, 
without projections. Anchor-process or breast bone (Plate XVI, Fig. 3) long, 
slender from base to the much enlarged anterior portion which is rounded at the 
sides^ and with tw^o blunt lateral prongs at the apex. Length 3 mm.; width 1 mm. 

Gall (Plate XVI, Fig. 1).— Bud-like, rounded, terminating in a blunt point at 
the apex. Sometimes several of the galls are confluent and are then irregular 
in shape. It is hollow (Plate XVI, Fig. 2) and contains a single larva, which leaves 
the gall to transfonn in the ground. When confluent it contains tw'o or three cells. 
Found on the flower heads of Verbesim aUernifolia in September. 

Habitat .— Valley of the Black Mountains, North Carolina. 


The adult is unknown 
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Oecidomyia? ramascula sp. nov. 

Larva. — Orange yellow. Body elongate, narrow, with the segments slightly 
rounded at the sides. Skin minutely papillose under a high power objective. Ter¬ 
minal segment rounded. Anchor-process or breast bone (Plate XVII, Fig. 9), long 
and of almost equal width to the much dilated anterior portion which has three 
sharp teeth at the apex and a lateral tooth on each side. Length 3.5 mm.; 'width 
.8 mm. 

Gall (Plate XVII, Figs. 7, 8).— This is a fusiform swelling on the branches of 
asters (Aster dumosus and Aster patens). Inside is an elongate, narro'w chamber, 
inhabited by a single lars^a, wdiich remains in the gall to pupate. Length 10 to 20 
mm.; width 5 to 8 mm. 

Habitat. — Valley of the Black Mountains, North Carolina, in September. 

The adult is unknown. 

Oecidomyia vaccinii Osten Sacken. 

Cecidomyia sp., Osten Sacken, Ent. Zeit. Stettin, 1861, p. 419, No. 9. 

Cecidomyia vaccinii Osten Sacken, Mon. Dipt. N. Am., Vol. I, 1862, p. 196; 
Glover, MSS. Notes, Dipt., 1874, p. 11; Bergenstamm & L6w, Verh. Zool.-Bot. 
Gesell. Wien, Vol. XXVI, 1876, p. 91. 

Larva. — Orange red. Body somewhat flattened. Segments verj'- slightly 
incised at the junctions. Tenninal segment rounded with a few filaments. Anchor 
process or breast bone (Plate XVI, Fig. 12) very short, slender to the much enlarged- 
anterior portion w’hich has two rather prominent lateral prolongations at the ai>ex. 
Length, 2.75 nun.; width 1 mm. 

Gall (Plate XVI, Fig. 10).— Green, cock’s comb or oyster-shaped, and fastened 
to the ribs of the leaf by a hinge and w'hen mature burst open like the valve of a 
shell. It is hollow inside (Plate XVI, Fig, 11) and contains one or two la^va^ which 
leave the gall to transfonn in the ground. 

Habitat. — Washington, 1). C, (Osten Sacken); Valley of the Black Mountains, 
North Carolina (W. B.). 

The gall is found in September and early in October on the underside 
of the leaves of Vaccineim siamineum. The adult is unknow n. 

Oecidomyia impatientis Osten Sacken. 

Cecidomym impatkntis Osten Sacken, Mon. Dipt. N. Am., Vol. I, 1862, p. 204; 
Walsh Riley, Am. Ent., Vol. II, 1869, p. 63; Betitenm^llek, Bull. Am. Mus. 
Nat. Hist., Vol. IV, 1892, p. 269. 

Cecidomyia impatiens Glover, MSS. Notes. Dipt., 1874, p. 8, pi. xi, fig. 16; 
Bergenstamm & Low, Verh. Zool.-Bot. Gesell. Wien, Vol. XXVI, 1876, p. 95; 
BEUTENMfTLLER, Am. Mus. Jourii., Vol. IV, 1904, p. 116, fig. 65; Ins. Galls Vicin. 
N. Y., 1904, p. 30, fig. 65. 

Baron Osten Sacken described only the gall of this species, as a suc¬ 
culent sw’^elling at the base of the flower of Impatiens fvlva in September. 
Walsh and Riley described the gall and larva in detail, with figures of the 
gall and breast bone (Plate XVI, Fig. 8) of the larva. They also give 
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Impatwns fulva as the host plant. I have taken the gall at Pine Hill, 
Catskill Mountains, New York, and in the valley of the Black Mountains, 
North Carolina, in September, on Impatiens, pallida. The gall (Plate 
XVI, Fig. 7) is very succulent and soon decays after the larvae have escaped 
from it. The adult is unknown. 

Gecidoxnjia persicoides Osten Sacken. 

Cecidomyia persicoides Osten Sacken, Mon. Dipt. N. Am., Vol. J, 1862, p. 193; 
Glovek, mss. Notes, Dipt., 1874, p. 9; Bergenstamm & L6w, Verb. Zool.-Bot. 
Gesell. Wien, Vol. XXVI, 1876, p. 88; BeutenmOller, Bull. Am. Mus. Nat. Hist., 
Vol. IV, 1892, p. 267 pi. xiv, fig. 3; Am. Mus. Joum. Vol. IV, 1904, p. 114, fig, 60; 
Ins. Galls Vicin. N. Y., Vol. IV, 1904, p. 28, fig. 60. 

Larva .— White. Body robust, broad with the segments of equal width, except 
the first and last which are narrower. Terminal segment bluntly rounded at the 
tip with the anal slit deep and extending across the segment. Anchor-process or 
breast bone (Plate XVII, Fig. 10) very slender with the anterior portion somewhat 
broader and lance-shape. Tvcngth 4 rnni.; width 1.5 mm. 

'^Phe gall only was described by Osten Sacken and subsequent writers. 
It is variable in size, round and covered with short down-like hairs. It 
occurs on the underside of the leaves of different kinds of hickory. The 
adult is unknown. 

Oecidomyia umbellicola OsUn Sacken. 

Cecidomyia mmbuci umbellicola Obten Sacken, Tr. Am. Ent. Soc., Vol. Ill, 
1871, p. 52; Glover, MSS. Notes, Dipt., 1874, p. 10; Bergenstamm & L6w, Verh. 
Zool.-Bot. Gesell. Wien, Vol. XXVI, 1876, p. 91; BeutemOller, Bull. Am. Mus. 
Nat. Hist., Vol, IV, 1892, p. 269. 

The gall (Plate XVI, Fig, 9) of this species \vas found by Osten Sacken 
on the red-berried elder (Samhucus puhens). I have taken it in June on 
the common elder (Samhucus canadensis). The larva and adult are 
unknown. 

Oeddomyia ? racemicola Osten Sacken. 

Cecidomyia sp., Osten Sacken, Ent. Zeit. Stettin, 1861, p. 418, No. 11. 

Cecidomyia racemicola Osten Sacken, Mon. Dipt. N. Am., Vol. I, 1862, p. 196; 
Glover, MSS. Notes, Dipt., 1874, pp. 9, 18; Bergenstamm & Low, Verb. Zool.- 
Bot. Gesell. Wien, Vol. XXVI, 1876, p. 90. 

Rhopahmyia racemicola Felt, New’ Spec. Cecidom., 1907, p. 24. 

Gall (Plate XVII, Fig. 14).— Green, smooth, rounded, tapering to a point at 
the apex, giving it a bud-like appearance. Inside it is hollow^ and contains a single 
laT\’a. Length about 3 mm. and 2.5 mm. in diameter. 

Found singly, or in clusters, among the racemes of different kinds of goldenrod 
(Solidago canadensis, S. puberula, S. serotina and probably other species). 

Larva .— Bright orange. Body apparently smooth, showing no granulations 
under the lens. Segments of equal width except the first, second, eleventh and 
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twelfth, which are narrower. Twelfth segment on the dorsnm with two semitrans* 
parent rather broad projections, rounded at the tip. Posterior extremity evenly 
rounded with the anal slit prominent. Anchor-process or breast bone (Plate XVII, 
Fig. 15) rather long and narrow from the base to the broad anterior portion, which 
is slightly rounded at the sides, with two rather long, sharp teeth at the apex. Length 
2.5 mm,; width .75 mm. 

Habitat: Valley of the Black Mountains, North Carolina (W. B.); Staten Island, 
New York City (W. T. Davis); Washington, D. C. (Osten Sacken). 

The galls may be found in September and are somewhat difficult to 
detect, owing to their resemblance to the buds of the goldenrod flowers. 
The larvse leave the gall in autumn and enter the ground to transform. 
The adults described by E. P. Felt as RJwpalomyia racemicola ai’e probably 
the gall makers of Cecidomyia racemicola (). S. 

Lasioptera tumifica sp. nov. 

Male and female.- Head black, sordid while or yellowish on the posterior edge, 
face silvery w’hite. Antciuue nearly as long as the thorax, stout, reddish brown, 
salmon red, or almost black. Thorax black, covered with golden browm hairs 
forming two parallel lines, composed of erect hairs along the middle; front and 
sides of thorax to the base of the wings sometimes pale yellow or whitish; at sides 
deep red with two white spots composed of hairs. Abdomen dee]) velvety black 
with a broad white band on the posterior part of ctach segment. These bands are 
broken along the dorsum atid do not reach the extreme sides of the abdomen. Un¬ 
derside of abdomen with the ground color usually reddish and heavily scaled with 
silvery white. Legs browm above, paler brown beneath. Wings hyaline w^ith 
minute blackish scales, costa, black with a white mark a little beyond the middle. 
This mark is sometimes tinged with red. (ilia brow’ii. Expanse 2.5 to 3.5 mm. 

Gall (Plate XIV, Figs. 1, 2).— This is an irregular, rounded, elongate, or kidney¬ 
shaped, gnarly, leather-like swelling, usually on one side of the stalk of goldenrod 
(SoHdago rugosa). Sometimes it almost or entirely encircles the stem. It is leathery 
outside and rather soft and pithy inside, containing many orange larva*. It is found 
from close to the ground w'herc the roots begin everywhere along the stalk to nearly 
the middle of the plant, but usually near the lower part. The gall measures from 
8 to 24 mm. in length and from 5 to 15 mm. in width. 

Lan^a (Plate XIV, Fig, 3).— Salmon red. Body very broad, ovate. Segments 
incised at the junctions Terminal segment evenly rounded and without processes. 
Anchor-process or breast bone (Plate XIV, Fig. 4), very broad and bulb-like at the 
base, gradually narrowing to the very broad anterior portion, wrhich is obtusely 
rounded at the sides and with three rather strong teeth at the tip. Length 3 t/O 3.5 
mrn.; width 1 to 1.5 mm. 

Habitat .— Bronx I^ark, and Staten Island, New York City. 

Described from ten males and thirty-two females. The larvce trans¬ 
form in the gall and the adults emerge in May. 

Lasioptera comicola sp. nov. 

Male and female .— Head black, front somewhat whitish. Antennsc shorty 
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robust, black. Thorax velvety black with a broad grayish white band anteriorly. 
Underside black, marked with a little white. Abdomen velvety black with a rather 
broad white band on the anterior part of the first segment and an indistinct narrow 
one on the posterior part. A narrow band on each of the second, third and fourth 
segments posteriorly, remaining segments slightly edged with white scales. These 
bands do not reach the extreme sides of the body. Underside black with a broad 
white band along the middle. Anterior legs brown; middle and hind legs with 
femora and tibiae at base to the middle brown, remaining parts sordid white; all 
the tarsi brown. Wings hyaline with black scales, iridescent; costa black with a 
white mark a little beyond the middle. Halteres white. Expanse 3.75 mm. 

Gall (Plate XIV, Figs. 7, 8, 9).— Woody swellings on the twigs, branches or 
trunks on the dogwood (Cornus siolonijera), measuring from about 6 to nearly 150* 
imn. in length. When situated on the twig, the gall is considerably smaller than 
those on the larger branches and trunk. It sometimes gnarls the trunk from about 
one to six inches or more in length. Imside (Plate XIV, Fig. 9) it is hard, woody, 
with many elongate chambers, each containing a larva. 

Larva (Plate XIV, Fig. 10).— Pale yellow. Body very elongate, narrow and 
slender. Segments one to nine about equal in width; three last segments narrower. 
Surface of body under a high objective minutely papillose, giving it a granular 
appearance. Segments at the junctionus slightly incised. Terminal segment 
rounded, finely serrate at the tip, with the anal slit line-like. Head retractile, 
basal part tran.sversely rugose. Antenna? two-jointed, basal joint short, second 
joint longer, conical. Anchor-process or breast bone (Plate XIV, Fig. 11) very 
long, slender, anterior portion broad, slightly sinuate at the sides between the apex 
and the projecting part from which it gradually narrows to the ba.sc. Apex with 
two rather widely separated, prominent, broad, lateral teeth. Length 3 mm.; 
width .75 mm. 

HabUat. —Bronx Park, and Staten Island, New York City. 

I'lescribcd from five males sixteen females. 

The gall is rather common and may be found during all seasons of the 
year. Tlie larvae overwinter and pupate in the galls, and the adults emerge 
during May and June. 

Lftflioptera asterifolise sp. nov. 

Male and female ,— Head black, whitish behind. Antenna? short, stout, black 
or red. Thorax deep black with the faint, narrow', parallel lines on the summit 
composed of golden brown erect hairs in the grooves. Abdomen deep red covered 
with black scales, posterior segments on each side of the dorsxmi narrowly edged 
with white and a row' of white dots along each side. Underside of abdomen red. 
scaled with white. Legs dark brown above, paler beneath. Wings hyaline, finely 
scaled with black; costa black, with a w'hite mark at the middle. Halteres brown. 
Expanse 3 4 mm. 

Gall (Plate XIV, Fig. 15).— Circular, Battened, eye-like blotches on the leaf 
of a species of aster, measuring about 5 mm. in diameter. Purplish wdth a sordid 
whitish centre and margin. Underside dull w'hitish. Found singly or in numbers, 
all depending upon the sisse of the leaf. 

Habitat — Valley of the Black Mountains, North Carolina. 
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Described from three males and nine females. 

The larva pupates within the gall and the fly emerges during the same 
year in August and early in September. 

Lasioptera clavula (Betitenmuller), 

Cecidomyia clavula BEiTTKNMt LLER, Boil. Am. Mus. Nat. Hist., VoL IV, 1892, 
p. 269, pi. XV, fig. 5; Am. Mus. Journ. VoL IV, 1904, p. 29, fig. G4; Ins. Galls Vicin. 
N. Y., 1904, p. 29, fig. 64; Townsend, Proc. Eiit. Soc. Wash., VoL II, 1893, p. 390; 
Cook, 29th Rep. Dept. Geol. Nat. Hist. Res. Ind., 1904 (1905), p. 840; Proc. Ind. 
Acad. Sci., 1904, p. 225. 

Female. — Head small, black, face whitish. Antenmc short, black. ITiorax 
black with golden brown hairs and a white spot on each side anteriorly. Abdomen 
brown black above with the segments tipped with white posteriorly. The white 
being visible only vhen the insect is held in a certain light. Abdomen beneath 
yellowish brown covered with white scales. Legs dark brown above, yellowish 
brown beneath. Wings hyaline, costa narrowly black with a white mark a little 
beyond the middle. Expanse 3 mm. 

Lana. — Bright orange. Body elongate, rather broad. Skin finely papillose 
under a high len.s. Terminal segment with two pointed, hook4ike, projei^tions, and 
two minute filaments at each side. Anchor-process or breast bone (Plate XIV, 
Fig. 6) short, slender, anterior portion much enlarged with two short lateral teeth. 
Length 3 mm.; width .75 mm. 

Gall (Plate XIV, Fig. 5).— On the tcnninal twigs of dogwood {Camus florida). 
It is club-shaped and about J to 1 inch long. Inside is an elongate channel inhabited 
by one or more larva*. 

The larva? leave the gall in September and October and enter the ground 
to transform. They overwinter and the adults emerge during May and 
June. 

Lasioptera sambuci (Felt), 

Cecidomyia sambuci Felt, 2l8t Rep. Inj. Ins. N. Y., 1905 (1906), p. 131, figs. 
46-48. 

Female. — Head black, collar white. Antennae black. Thorax velvety black. 
Abdomen black above and along the sides, basal segment w'hife and the third and 
fourth segments each with a white band on the posterior edges. Abdomen broadly 
white along the middle on the under side. Legs browm. Wings hyaline, costa 
black with a wliite mark a little beyond the middle. Cilia browui. Halteres white. 
Expanse 2.75 to 3 mm. 

This species was heretofore known from the larva and gall only, and 
the adult is here described for the first time. The gall is an irregular gnarly 
swelling on one side of the stem of the elder {Sambucus canadensis). The 
larvffi overwinter and transfonn in the gall, and the adults emerge the fol¬ 
lowing May and June. The gall is very common in the vicinity of New 
York. 
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Lasioptera nodulosa sp. nov. 

Lasioplera farinom Smith, Bull. N. Agri. Exp. Sta., N. J.; 1891, p. 14; 12th 
Ann. Rep. N. J. Agri. Exp. Sta., 1891 (1892), p. 382, fig. 15; Webster, Bull. 45, 
Ohio Agricul. Exp. Sta., 1889, p. 188, fig. 14. 

Female .— Head black, face sordid white. Antennae black, basal joints sordid 
yellowish brown. Thorax deep black, pale whitish brown, in front and on sides 
to the base of the wings. Collar yellowish brown. Sides of thorax reddish. Abdo¬ 
men red, covered with blackish brown scales; first segment almost wholly white, 
and a narrow whitish band on the posterior edges of the following segments. Under¬ 
side pinkish with white scales. Legs, femora, and tibiie black with the joints pale 
brown, tarsi black. Underside of legs pale yellowish brown. Wings hyaline with 
black scales; costa black with a white mark a little beyond the middle. Halteres 
reddish. Expanse, 3.5 mm. 

Gall (Plate XV, Fig. 5).— Knot-like or gouty, elongate or rounded swelling on 
the smaller tenninal branches of blackberry {Rvbus villosus). Often there are 
several galls upon a single twig. Inside there is an elongate chamber inhabited 
by a single larva. The larva transforms in the gall and the adults emerge in May 
and June. 

Larva .— Orange. Body elongate, narrow, minutely papillose under a high 
|X)wer objective. Terminal segment rounded at the tip with a few spiny processes. 
Anal slit extending across the segment. Anchor-process or breast bone (Plate XV, 
Fig, 6) long and narrow to the very broad anterior portion which has two lateral 
subacute teeth and traces of a very short median one at the middle. Length 2.5 
mm.; width .5 mm. 

Habitat .— Bronx Park, New York City (W. B.); Ohio (F. M. Webster); New 
Jersey (J. B. Smith). 

Described from twelve females. 

The galls and larvje were <lescribed and figured by Professor John B. 
Smith and F. INI. Webster as Laswptera jarinosa but they belong to the new 
species here de.scribed. The gall is quite common everywhere in the vicin¬ 
ity of New York City; it somewhat resembles the swellings produced by 
the larvjE of Agrilus rujicollisj whic'h is found on the large stalks of black¬ 
berry. 

Lasioptera farinosa {Osten Sacken). 

Cecidomyia jarinom Osten Sacken, Mon. Dipt. N. Am., Vol. I, 1802, p. 204; 
Glover, MSS. Notes, Diptera, 1874, p. 8; Bergenstamm & Low, Verb. Zool.-Bot, 
Gesell. Wien, Vol. XXVI, 1876, p. 96; BeutenmOller, Bull. Am. Mus. Nat. Hist., 
Vol. IV, 1892, p. 273. 

JXplmis farinosa Buodie, Biol. Rev. Ontario, Vol. I, 1894, p. 110. 

Female .— Head black, face and mouth parts white. Antemue stout, short., 
black. Thorax black above with a broad white border in front to the base of the 
wings. Abdomen black, posterior edges of the segments white; underside white. 
Legs pinkish with black scales. Wings hyaline with black scales, costa black with 
a white mark a little beyond the middle. Expanse, 3.5 mm. 

Gall (Plate XV, Fig. 13).— Irregularly rounded and situated on the underside 
of the midrib or on the petiole at the base of the leaflet of blackberry (Hubus inllosus). 
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It is covered with a farinaceous powder and when fresh is rather soft and fleshy, 
but becomes hard and woody when old. Inside are several cells inhabited by the 
larvfiB. These overwinter in the gall and the adults emerge in May and early June. 
The gall measures from 6 to 12 mm. in diameter. 

Larva .— Orange. Body broad, ovate. Anchor-process (Plate XV, Fig. 12) 
long and slender, gradually increasing in width to the two lateral teeth at the apex^ 
Length 1-5 mm.; width .5 mm. 

Habitat. New York; New' Jersey; Valley of the Black Mountains, North Caro¬ 
lina (W. B); Canada (Brodie). 

This species was knowm heretofore only by the gall described very briefly 
by Osten Sacken. It is quite common locally in the vicinity of New York 
City and may be distinguished easily from Lasiopiera 7iodulosa, with which 
it has been confounded by certain WTiters. L, Jarinosa always occurs on 
the leaves and petiole of the blackberry while L, nodidosa is a gouty swell¬ 
ing on the stems of this plant. 

Lasioptera vibumicola sp. nov. 

Male and female .— Head black, with the posterior portion, w'hite, palpi white. 
Antennae black. Thonix deep black with two not very distinct, median lines 
composed of white hairs; anterior portion of thorax to the base of the wrings broadly 
white; sides black, scutellum rufous. Abdomen velvety black, first segment wholly 
white, second, third and fourth segments each with a broad, white, transverse band, 
on the posterior edges, remaining segments with a few white hairs on the posterior 
edges. Underside pure white. Legs sordid white, with a broad black band on the 
femora, and tibijp; tarsi blackish above. Wings hyaline, with black hairs, costa 
broadly black, with a conspicuous white mark at the middle. Hal teres white. 
Expanse, 3-3.50 mm. 

Larva .— Orange. Body elongate, narrow. Skin finely papillose. Temiiual 
segment rounded at the tip with a few* very short, sette. Anchor-process of breast¬ 
bone (Plate XVII, Fig. 13) long, narrow' from base to the anterior portion which 
gradually becomes broader. Apex with two rather long, lateral teeth. Length 
2.75 mm.; width .66 mm. 

iiall (Plate XVII, Figs. 11, 12).— Onarly, elongate sw'cllings on the larger 
branches of arrow'-wood {Vdmrnum dentatum). It is soft, pithy inside, and the 
larvse make long deep channels in the wood of the branch, l)eneath the pithy 
portion of the gall Length 30 to 75 mm.; width 10 to 25 mm. 

Habitat.— Bronx, New' York City. 

The larvje overwinter and transform in the gall. 

Lasioptera? linderse sp. iiov. 

/warm.“ -Whitish with a pale orange tint. Body elongate, narrow, skin very 
finely papillose. Terminal segment rounded with a few very short seta\ Anal 
slit extending across the segment. Anchor-process or breast bone (Plate XVII, 
Fig. 6) narrow, gradually becoming broader at the anterior portion, which has two 
short lateral teeth at the a|>ex. The teeth are widely separated and are rounded 
at the tip. Length 2 mm.; width .5 mm. 
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Gall (Plat© XVU, Figs. 3, 4, 5).— Gnarly, elongate, woody swellings, on one 
eide or surrounding the smaller twigs or branches of spicebush (Lindera benzoin). 
It is hard and woody inside with a number of elongate, narrow chambers, in which 
the larvae live. Length 15 to 60 mm.; width 7 to 10 mm. 

Habitat .— Bronx, New York City. 

The larvte overwinter and transform in the gall. The adult is unknown. 


EXPLANATION OF PLATES. 
Plate XIII. 

Figs. 1 and 2.— Asphomiylia autumnalis sp. nov. 

Figs. 3 and 4.— Asphondylia patens sp. nov. 

Fig. 5.— Cecidomyia ulmii sp. nov. 

Fig. 6.— Cecidomyia rudlyeckice sp. nov. 

Fig. 7. — Cecidomyia nysscecola sp. nov. 

Fig. 8.— Cecidomyia puditmnda O. S. 

F'ig. 9.— Cecidomyia unguicula sp. nov. 


Plate XIV. 

Figs. I and 2.— Lasioptera iumifica sp. nov. 

Fig. 3.— Lasioptera tumifica, larva. 

Fig. 4.— Lasioptera tumifica, anchor-process. 

Fig. 5.— iMsioptera cfavula lleuten. 

Fig. 0.— iMswptera clarula anchor-process. 

Fig. 7-9.— Lasioptera comicola sp. nov. 

Fig. 10,— jMsioptera cornicoUi, larva. 

Fig. 11.— lAisurptera cornicola, anchor-process. 

Fig. 12 and 13.— Cecidomyia "t chinquapin sp. nov. 
Fig. 14.— Cecidomifia ? chinquapin, auchor-proce.ss. 
Fig. 15.— Cecidomyia aslertfoHw sp. nov. 


Pl.\te XV. 

Figs. 1-3.— Cecidomyia ? semenivora sp. nov. 

Fig. 4.— Cecidomyia ? semenivora, anchor-process. 
Fig. 5.— Lasioptera nodulosa sp. nov. 

Fig. 6.— Lasioptera nodulosa anchor-process. 

Fig. 7.— Cecidomyia ? vernonios sp. nov. 

Fig, 8.— Cecidomyia ? vernoniw, anchor-process. 
Figs. 9 and 10.— Cecidomyia ? meibomice sp. nov. 
Fig. 11.— Cecidomyia ? meibomwB, anchor-process. 
Fig. 12.— Lasioptera farinosa O. S., anchor-process. 
Fig. 13.— Lasioptera farinosa O. S. 
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Plate XVI. 

Figs. 1 and 2.— Cecidomyia ? verbesincB sp. nov. 

Fig. 3.— Cecidomyia ? verbesinre anchor-process. 

Fig. 4.— Cecidomyia ? eupatoriflorw, sp. nov. 

Fig. 5.— Cecidomyia ? eupatoriflorw, anchor-process. 
Fig. 6.— Asphondylia consjncua O. S. 

Fig. 7.”— Cecidomyia imjmtientis O. S. 

Fig. 8.- - Cecidomyia impaticnLis, anchor-process. 

Fig. 9.— Cecidomyia umheUicola (). S. 

Figs. 10 and 11. - Cecidomyia vaccimi (), S. 

Fig. 12.— Cecidomyia vacrinii, anchor-process. 


Plate XVII. 

Fig. 1.— Cecidomyia ? piiatuloidt's sp. nov. 

Fig. 2. ~~ Cecidomyia ? pustuloides, anchor-process. 

Fig. 3-5.— Lasioptera ? linderw sp. nov. 

Fig. 6.— Lasioptera ? lindera, anchor-proce.ss. 

Figs. 7 and 8. -■ Cecidomyia ? ramuscula sp. nov. 

Fig. 9.— Cecuiomyia ? rammcula, anchor-process 

Fig. 10.— Cecidomyia ? pcrsicoidcs (). S., anchor-process. 

Figs. 11 and 12.— iMsioptera vihurnicola sp. nov. 

Fig. 13.— Lasioptera vihurmcola, anchor-pro(‘ess. 

Fig. 14.— Cecidomyia racenncola O. S 

Fig. 15.— Cecidomyia racemu'ola, anchor-process. 

Fig. 16.— Asphondylia globulus O. S. 
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Arcs Canon near Guaynopita. 

The river here is about 1600 meters below the distant run. The inner gorge, 600 meters <leep, shows the angular form characteristic of 
youthful drainage. 
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Article XVm.— A GEOLOGICAL RECONNAISSANCE IN THE 
WESTERN SIERRA MADRE OF THE STATE OF 
CHIHUAHUA, MEXICO. 

Ry Edmund Otis Hovey. 

Plates XVIII-XXXV. 

Text Figures 1-13 and a Map. 

The elevated plateau or series of plateaux fonning the principal portion 
of Old Mexico rises irregularly toward the south from about 1220 m. above 
the sea near Ciudad Juarez, opposite El Paso, Texas, to about 2250 m. 
near the city of Mexico along the line of the Mexican Central railway. 
West of this line the rise is more rapid along a series of bolsons separated 
by mountain ranges from the bolsons traversed by the Mexican Central 
road, and the 2200 m, level for portions of the plateau is attained about 
100 km. northwest of Chihuahua. The general plateau ends toward the 
east in the series of mountain ranges known as the Sierra Madre del Oriente 
and towards the west in the Sierra Madre del Oecidente. Toward the south 
the plateau feature is lost in the maze of mountain peaks south and west of 
the City of Mexico. Felix and Lenk^ consider the plateau to be cut off 
at the south by a nearly east and west fault along the valley of the Balsas 
River, but Aguilera has refuted this idea in his brochure entitled “Sobre las 
condiciones Tectonicas de la Republica Mexicana.” ^ Toward the north 
the plateau merges into the high plains of Arizona and New Mexico. 

The general geology of the Alexican plateau has been discussed by 
several writers, but the detailed structure is comparatively little known. 
Its quadrilateral form and the arrangement of the mountains along great 
continental structure lines have been made clear by R. T. Hill. The 
volcanoes have been studied by Ordonez, Waitz, Farrington and others, 
the mining geology by Ordonez, Bose, Hill, Weed and Kemp among recent 
writers. The real character of the Western Sierra Madre, however, seems 
to have been unknown or overlooked and large areas of the region have 
been left uncolored on the geological maps of the country or colored 
generally for rhyolite, as was done by Ordonez in the map accompanying 
Bol. Inst. Geoldgico de Mexico, No. 14, 1900. 

1 Zeits. d. deutsch. geol, Gesell., Vol. XLIV, pp. 303-323,1892. 

* Mexico. Tip. de la Sec. de Fomeiito. 1901. 
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The development of the vast natural resources of the Western Sierra 
Madre has been retarded by the great landed proprietors of the country, 
who have merely desired extensive ranges for their cattle and have dis¬ 
couraged exploration, in spite of the wonderful riches which have been 
taken from the mines at sundr^^ points. The demand for timber for the 
mines of Arizona, New IMoxico and northern Sonora, the known or sus¬ 
pected existence of valuable ores of gold, silver and copper, and favorable 
changes in the Mexican laws have, however, attracted the attention of Amer¬ 
ican capitalists, as a result of which the country^ is gradually oj>ening up. 

One of the parties exploring a portion of the region was under the leader¬ 
ship of Robert T. Hill, formerly of the United States Geological Survey, 



ij'ig. l. Outline map of Mexico showing location of the district discussed. 


and was formed for the purjiose of studying the conditions of mineralization 
in the mountains. The American Museum of Natural History was invited 
to send the waiter with the party for the purpose of studying the physi¬ 
ography and general geology of the region traversed and to make collections 
of photographs and rocks for the Museum.* The expedition left El Paso 
14 February, 1905, and spent about seven weeks in the Western Sierra 
Madre. The present article is based upon the joint observations of the 

1 The other members of the party were John Seward, mining engineer, and Frank H. Fayant. 
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two geologists of the party, who had the privilege of traversing together a 
heretofore practically unknown region, geologically speaking. 

The route followed was from Ciudad Juarez .southwestward 150 miles 
over the Rio Grande, Sierra !Madre and Pacific railroad to the then terminus 
for trains at Nuevas Casits Graiides; thence southward 125 miles by wagon 
and pack train through Hacienda San Diego, Hacienda El Rutio, Canon 
of the San Miguel, Hacienda San Miguel, Llano Bavicora and Montezuma 
Pass to the lumber camp of Dedrick; thence westward 32 miles across and 
along the Aros (Yaqui) river and canon to the mining camp of Guay- 
nopita; thence southward 125 miles by way of the divide between the 
Aros and Tutuaca rivers, Dolores, Las Animas, Yepachic, Cerro Boludo 
(or Voludo) and Navosaigame to Ocampo (Jesus Maria); thence north¬ 
ward and northeastward 100 miles by way of Pinos Altos, La Cueva 
Humada, TcMnochic and Agua Calientc to Miilaca, which was then the ter¬ 
minus of the Chihuahua and Pacific railway; thence by rail 120 miles 
east to Chihuahua and from there 225 miles north to Ciudad Juarez, com¬ 
pleting the circuit. The journey from Dedrick to Miiiaca was accomplished 
altogether on mules and with pack train. 

The region has not been visited frequently by tourists or investigators, 
and hut three rt^cent publications regarding it have come to the writer^s 
notice. John R. Bartlett, United States Commissioner on the Mexican 
Boundary commission, 1850-1853, traversed the northem part of the State 
of (liihuahua from the west in 1852, visiting Janos, Corralitos and Casas 
Grandest anti going out across the mesa to Ciudad Juarez, then known as 
El Paso del Norte. Bartlett’s narrative gives a good idea of the difficulties 
encountered by travelers only a half-century ago and some notion of the 
surface features of the route followed, but the most important part of the 
account is that describing the ruins at Casas Grandes. In 1884 A. F. 
Bandelier, then carrying on explorations for the Archaeological Institute of 
America, crossed the Western Sierra Madre from the west forty miles south 
of the international boundary and, turning southward, studied the pre¬ 
historic ruins as far as a point thirty-five miles southwest of Casas Grandes. 
Bandelier penetrated nearly to the liigh plateau of the Sierra Madre before 
he was obliged to turn back, and he writes regarding the region:^ 'Tf the 
interior of the Sierra Madre is ever opened to travel and civilization, it will 
be found prolific in resources of divers kinds, and as interesting to the 
naturalist as to the student of archaeology.” Carl Lumholtz also visited 
Casas Grandes in 1891, and in 1892 he traversed much of the country de¬ 
scribed in the present article. In his book ^‘Unknown Mexico”® Lumholtz 

1 Personal narrative, Vcl. II, pp. 330-379. 1854. 

* “ Investigations in the Southwest,'* Fait II, p. 663. 

» Scribners. New York. 1902. 
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has treated of the archaeology and ethnology and has written somewhat of 
the wonderful scenery of the region, including the Aros cafion at Guaynopa, 
a few miles west of Guaynopita. 

The region falls naturally into three subdivisions: the desert and semi- 
arid country from Ciudad Juarez to El Rusio, IG km. south of Hacienda 
San Diego; the high plateau country which is covered with oak or pine 
according to altitude and dotted with grassy prairies, including the Llano 
Cristo (Hacienda San Miguel), Llano Bavicora and similar “enclose*! 
basins,and the canon district through which in its ramifications the 
rivers descend from the liigh plateau to the deserts or to the lowlands and 
the ocean, and containing numerous mesas, or tablelands, which are the 
I'emnants of ancient inclosed basins. 

Leaving the banks of the Rio Grande at Ciudad Juarez, alt. 1125 ni, ^ 
the Rio Grande, Sierra Madre and Pacific railway skirts the eastern and 
southern base of Sierra de Juarez, or Cerro Muleros, slowly rising till at 
km. 22 the level of the great Mesa, or table-land, is attained, 135 m. above 
the Rio Grande. This plateau corresponds in position with the highest 
terrace along the El Paso and Southwestern, Southern Pacific and Santa 
F€ railroads a few miles west and northwest of lil Paso and is similar to 
that in appearance and constitution. Wastes of sand and arid soil, held 
in place to some extent by bunch grass, greasewood and mcsquite, stretch 
away in every direction, and the monotony of the plain is relieved only by 
the summits of the half-buried mountains, mostly volcanic in origin, which 
are to be seen here and there. These mountains have played a r6le in the 
formation of the mesa to which reference will be made later. 

The mesa presents a rather abrupt terrace-like face to the immediate 
valley of the Rio Grande, but the upper surface of the table-land sloj^es 
gently away therefrom. This disposition of the surface together with the 
diyness of the climate, has prevented the weak drainage of the mesa from 
forcing its way to the Rio Grande, while the paucity of the rainfall renders 
extremely slow the robbing of the mesa drainage by the drainage of the 
Rio Grande. The surface of the mesa rises almost without a break into the 
bordering and included mountains and ridges. 

Near km. 38 the railroad passes through the almost completely buried 
outliers of the Sapello Mountains. These seem to be of well-bedded Creta¬ 
ceous (?) limestone standing almost on edge and apparently are the southern 
extension of the beds exposed in Juarez Mountain. At km. 45 the road 
enters the region of Los M^danos which it crosses transversely for thirty 
kilometers. The ‘'m^danos’’ are moving dunes of barren sand, some of 

5 The altitudes and distances along the railway are taken from the official map and profile 
of the road. * 
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them low, but others 20 to 60 m. or more in height, and the region which 
they characterize extends tor more than one hundred miles from near the 
international boundary southeastward beyond the Mexican Central railway. 
The strip is comparatively narrow, the section of the Sierra Madre and 
Pacific railway being made at nearly the widest part. The plain here is 
about 1210 m. above the sea. Destruction of the sparse vegetation in any 
part of the mesa is liable to cause drifting of the sand under the influence 
of the strong winds wliich prevail during a large part of the year. Some¬ 
times the drifts cause serious interference with railroad operation. Where 
the dunes cross the Sierra Madre road they are only 5 to 6 m. high. 

The effect of the mesquite is not only preservative but also constructive. 
The plant is normally a tree fifteen to twenty feet high, but on the desert 
the portion usually above ground is only the ultimate branches, the trunk 
and heavier branches being below the surface. Sand and soil drift into 
oval mounds with north-south axis around the mesquite trees and bunch- 
grass takes root on the surface. Kangaroo rats burrow deeply into the 
mounds, and other creatures find refuge or food there. The arid districts 
teem with life in surprising manner. The mesquite and the greasewood 
{(hvellia) are practically the sole source of fuel in the arid region and the 
mountains furnish water by irrigation canals or flumes, hence the inhabit¬ 
ants are said to ^‘dig for food and climb for water.^’ Furthermore they 
‘‘cut hay mth a hoe,'’ since the bunch grass, green or dry, furnishes fodder 
for cattle and horses and is gathered by pulling it up by the roots. 

From km. 70 to km. 75 the railroad descends rather rapidly 35 m. 
through well-developed “bad-land" topography on a .small scale to the 
floor of an e.xtensive basin 1170 m. above the sea, or 90 m. below the rim 
of the mesa where it overlooks the Rio Grande. The basin is almost per¬ 
fectly flat and is 15 km. across by the railroad. This is the Franklin bol- 
son, or pocket desert, and a small portion is occupied by a shallow laguna 
or lake during part of the rainy season. Between km. 95 and kra. 120 the 
railroad cuts through the tops of a range of “buried mountains" known as 
the Sierra San Bias, consisting of limestone ridges associated with basaltic 
cones and flows. The cones seem to be destructional forms. 

Here again the sui^ace of the mesa rises in suggestive fashion into the 
gulches and around the buried tops of the associated mountains, showing 
abundantly the “conoplains" recently described by Miss Ogilvie.^ This 
feature, the nature of the recent deposits and the condition of the rock- 
fragments l}dng upon the mountain sides eveiyw^here throughout the arid 
regions indicate the arid, or desert, cycle of subaSrial denudation as dis- 


‘Araer. Geol., vol, XXXVT, pp. 27-34, 190.5. 
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tinguished from the “normar' cycle obtaining in well-watered districts.^ 
The original recent land surface was formed of folded limestone ridges 
and lava flows and fragmentary ejecta; it comprised many constructional 
valleys and basins. I'lie great diurnal variations in temperature, often 
amounting to 100° F. (Libby) in th^se regions, subject the rock ledges and 
fragments to severe strains, causing continual flaking or spalling and con¬ 
tinual reduction in the size of the rock masses, even without the aid of frost. 
The resulting masses, both large and small, descend the slopes by gravity 
and are in turn attacked by the disintegrating and decomposing forces. 
Occasional showers, even in the semi-arid regions, cause sheet-flood trans¬ 
portation and erosion and transfer much material to the depressions in 
the surface. The winds transport vast quantities of sand and even small 
pebbles, though the rate of transportation is probably slower and more 
uneven than it is with water. Whirlvdnds too are iinix)rtant agents of 
transportation in the desert. When deposited in the temporary or permanent 
lagunas, or lakes, the transj)orted material is laid down in well-stratified 
beds, some of which are the adobe clay of the arid-regions. 

An important feature of wdnd erosion and deposition is that they are 
not determined by any base level, as is the case with w^ater. Wind scoops 
out hollows below" the general level of the land and carries its load of sand 
to higher as w^ell as to lower positions. The distaiu'e to which the material 
is carried depends upon its coarseness of grain and the violence of the w"ind. 
The fine sand and dust are transported far and wide. Tlie exposed sur¬ 
faces of pebbles, boulders and cliffs show the wearing and polishing effects 
of the wind-driven sand. The tops of many buried mountains are to be 
seen on the journey across the dry mesa. As has been noted by Davis, 
when the internal drainage does not escape from the forming basins, the 
tendency of the wash, slide-rock and smalb fragments is to fill the basins 
with deposits wdiose limiting position is one of horizontality. Measurements 
were not made to determine the distance to which fragments of a given 
size have traveled into the basin from the surrounding parent ledges, but 
in general it may be said that the finer material is in the central portion of 
the basins. This, however, is not due to simple transportation, as the 
process of disintegration is continuous and progressive. 

At km. 125 from Juarez the railroad reaches Laguna de Guzman, a 
body of water about 40 km. long from southeast to northwest and 15 to 25 
km. wide. The lake is shallow, however, and its dimensions, area and 
shape vary greatly w"ith the seasons. The evaporation is said to exceed 
2 m. a year, and it is not a rare occurrence for the lake to become entirely 
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dry. Laguna de Guzman receives the drainage of the Casas Grandes 
river, but the discharge into the lake is diminishing year by year on account 
of the extended irrigation projects along the middle course of the stream. 
Within a few kilometers on the other (south) side of the railroad track is 
the similar body of wat^r known as the Laguna de Santa Maria, which is 
the receiving basin of the Santa Maria river, a stream running nearly paral¬ 
lel (N. N. W,) with the Casas Grandes much of its course. The water of 
the Guzman laguna is too alkaline to be fit for drinking, but copious springs 
of sweet fresh w^ater are found in the vicinity. West of the laguna rises 
the mountain mass known as the Sierra de Guzman, consisting principally 
of volcanics. Warm springs are known at the east base of these mountains. 

Turning to the south from Guzman station the railroad passes into an 
inclosed basin in which is a large laguna. The Urrutia mountains, known 
also as the Corral de Pedro, bound the basin on the w^est with a series of 
small cones and lava flows. These, like the opposite mountains, the Sierra 
Santa Maria, east of the railroad, are of volcanic origin. From the passing 
train one readily determines the nature of many slopes to be dry wash con¬ 
sisting of coarse and fine, subangular and rounded fragments, pebbles and 
boulders. The process of sorting and transporting is evident. South of 
the Urrutias arc the Sabinal mountains, 150 km. from El Paso. The 
Sabinal range is reported to have a core of granite, upon which rest at high 
angles beds of Cretaceous limestone. The granite is an intrusive mass, 
to judge from the reports of mine owners of the region. Carbonate ores 
of lead and silver characterize the contact zone and are worked by the 
Sabinal and Adventurera groups of mines. This area of granite and lime¬ 
stone is charted upon Castillo’s geological map of Mexico. The station 
of Sabinal Is in an inclosed basin at 1250 m. above tide, or 80 m. above the 
Urrutia basin. 

Near km. 170 the railroad turns to the southwest and begins to climb 
rapidly to surmount the pass of San Pedro between the high Sierra Capulin 
on the north and northern outliers of the lower Sierra Escondida on the 
south. These outliers from near km. 175 to near km. 190 (the station of 
San Pedro is at kra. 188) present a series of comparatively low, flat-topped 
buttes or table mountains, the upper portion of which consists of columnar 
lava, probably basaltic in character. They have been carved from an 
extensive sheet of lava overlying the beds of tuff or breccia. 

At km. 193 the railroad crosses the pass at an elevation of 1600 m. and 
enters the Corralitos basin, the scanty drainage of which has been captured 
by the Casas Grandes river, if one can speak of “drainage” in such an 
arid basin. The San Pedro group of silver-lead mines is in the contact 
zone between Cretaceous limestone and underlying intrusive granite in 
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the old pass of the same name about 8 km. north of the railroad. The 
railroad descends 190 m. in 25 km. to km. 218 (the station of Corralitos 
is at km. 215). Near km. 222 the road enters the Casas Grandes basin, 
altitude 1455 m., which extends a distance of about 30 km. to the new 
town of Terrazas. 

The Casas Grandes basin is typical of the semi-arid inclosed basins, 
now traversed by rivers, which are to be found scattered throughout the 
Sierra Madre region. Its surface is almost perfectly level, the railroad 
rising from north to south across it at a grade averaging .2 of 1 per cent, 
and the river, the Casas Grandes, is nearly at base level, doing scarcely 
any erosion except in times of flood. The plain at the north end of the 
Casas Grandes basin is dotted with small conical hills of columnar basalt 
covered mih loose angular blocks of rock, and a great area of this character 
stretches away to the southeast. These low cones are dcstructional forms 
and show almost the last stage in the burying of a mountain. The eastern 
portion of the basin shows symmetrical destructional cones of volcanic 
material apparently basaltic in character. The mountains on the west 
of the basin are the foothills of the main cordon of the Western Sierra 
Madre. They rise to greater elevations than do those to the east. The 
basin is about 35 km. wide from west to east and is very fertile along the 
river where irrigation is practicable. The Mormon colony '‘Colonia 
Dublan*’ is a thriving recent settlement in the midst of the basin. In 
exceptionally rainy years even the ‘Mry’^ ranches are productive of much 
grass. 

That the pre-Columbian inhabitants of the region valued this basin 
as a place of residence is shown by the extensive ruins to be found upon a 
terrace of the river at the place known by reason of these remains as ‘‘Casas 
Grandes ,par exvclknce. The ruins cover a surface several acres in extent, 
and are supposed by Bandelier^ to have housed a population of between 
3,000 and 4,000 souls. The adobe of the ancient walls consists of the red 
clay of the district mingled with gravel and laid in troughs, one tier being 
allowed to set before the next tier was laid atop of it, just as concrete build¬ 
ings are put up today in our own and other countries. This ancient adobe, 
which is certainly more than 400 years old, gives some notion of the extreme 
slowness with which erosion goes forward in a semi-arid climate. In this 
part of the region the ground is largely covered with scanty grass and other 
vegetation, which undf)ubtedly prolongs the period of erosion through 
preventing the winds from taking up a heavy load of sand to hurl against 
obstacles. 


1 Investigations in the Southwest, part 2, p. 644. 1892. ' 
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Modern adobe differs from the ancient in being made of clay mixed 
with straw and formed into large bricks. The resulting material is not 
nearly as durable as the ancient, and the difference between the two is 
strikingly brought out in several structures at Casas Grandes in which the 
modern inhabitants have built the ancient ruins directly into the walls of 
the new houses. Some of the ruins contain rooms, the walls of which have 
been finished by a plaster made of sifted adobe clay and laid on smoothly. 
Much excellent pottery of good design and workmanship has been found 
in the ruins, and the indications are that the unknown inhabitants were of 
a comparatively high degree of civilization. They probably were driven 
out of their homes or exterminated by the attack of some hostile tribe of 
Indians. The modern Mexican town of Casas Grandes straggles over 
the river terrace, and its inhabitants depend for their meager subsistence 
upon the grazing and the frequent crops raised by rather primitive methods 
of irrigation along the river. 

Blue limestone (of Cretaceous age ?) is reported to exist in the mountains 
west and south of the Casas Grandes basin. 

About 10 km. south of the railway station of Casas Grandes the inclosed 
basin of the same name ceases against rhyolitic hills. Four km. further 
south the rock is a much-indurated rhyolitic tuff presenting fine-columnar 
structure. The rhyolite is overlain by beds of scoriaceous basaltic lava 
in the cavities of which there is much secondary chalcedonic silica. This 
is at the junction of the San Miguel and Piedras Verdes rivers, which'unite 
to fomi the Casas Grandes. These rivers well illustrate the confusion of 
names as applied to streams in ^Mexico. The river, here called the Casas 
Grandes, extends from the junction of the forks just mentioned to the 
Laguna de Guzman, flowing a distance of 240 km. Its upper half is known 
by the name of Casas Grandes, while the loiver half is called the Corralitos 
river on some maps. Above the junction point the San Miguel, which 
is also known as the Palanganas, is the real continuation of the Casas 
Grandes, and should not receive an independent name. The Casas Grandes 
river decreases in size as it proceeds on its course below the town of Casas 
Grandes. Evaporation and irrigation remove more water than the arid re¬ 
gion replaa^s. 

The two forks of the Casas Grandes river come together in the northern 
part of the San Diego basin, which is the eighth of the bolsons and basins 
through which we passed after attaining the mesa south of Sierra de Juarez. 
It is a small basin, about 24 km. long from N. N. W. to S. S. E. by 16 km. 
wide; elevation about 1500 m.^ above the sea. Since its drainage was 

' All the following altitudes are given from readings of an aneroid barometer, unless other¬ 
wise stated. 
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captured by the Casas Grandes river alluvial fans have become rather 
prominent along the rim. There still exist transverse *‘trincheras** or 
low dikes of stones and earth which were built in j)re-Columbian time for 
the purj^ose of preventing the displacement by rains and simple sliding of 
the soil needed for cultivation. The San Diego basin is bounded by steep 
mountain walls which increase in altitude toward the south until at El 
Rutio they rise 600 to 700 in, above the plain and rapidly close in upon the 
river, the San Miguel, which debouches near this point from a picturesque 
canon. 

In the northern j^art of the San Diego basin there is a melon-sha|x*d 
hill consisting of basalt. This flow is older than a portion at least of the 
basin deposits, inasmuch as it has been partly buried by them. In several 
districts in Chihuahua and in southern New Mexico and Arizona the dis¬ 
sected basins and bolsons show a similar intercalation of comparatively 
recent flows of basaltic lava, and basalt also occurs in some of the lower 
beds of the Aros canon. The melon shape of the hill is a peculiar feature 
which perhaps may be explained by assuming that the bed lies over a vent 
through which the lava welled up with comparative gentleness. Near the 
junction of tlie Piedras Verdes river with the San Miguel a flow of scoria- 
ceous basalt lies directly upon a thick flow of rhyolite. 

The San Diego basin fonns the major poriion of the luu'ienda, or estate, 
of the same name belonging to General Luis Terrazas, a hero of the Mexi¬ 
can conte.st against the French in the GO’s and for many years governor 
of the state of Cliihuahua. General Terrazas is probably the largest individ¬ 
ual landed proprietor in the world. His haciendas comprise millions of 
acres of the best land of Chihuahua and are said to extend in a practically 
unbroken series for 500 km. across the State. An adininistrador is in con¬ 
trol of each hacienda, and under him there is a little army of servants, 
farm hands and cattlemen. Existence on these estates is still usually one 
of almost feudal simplicity, each hacienda being practically self-supporting. 
The energies of the haciendas are directed toward the production of cattle, 
horses and mules, with only agriculture enough to raise sufficient com (maize) 
for local consumption and the carrying of stock over exceptional sea.sons. 
The agricultural work of the countrj^ is carried on in most primitive fashion. 
Single-handled wooden plows are in use which are made from the natural 
knees of tough trees like the live-oak. Sometimes the point of the share 
is protected by a bit of iron, but the implement is, at best, a very crude 
affair which entails an enormous waste of labor in its use. Specialized 
and efficient farm implements are making very slow headway in the Repub¬ 
lic of Mexico, on account of the poverty and conservatism of the farming 
population. 



Fig. 1. San Mksitel Ca^on, 

lfpp<*r micho looking N W from near Arroyo Metate. Total iloptit of fafiou about 
800 111 . H(K-ks uiv iJi^olite and andesite flows and tuffs and basalt flows. 



Fig. 2. San Miguel Ca5Jon near Arroyo Metate. 
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At the southern end of the San Diego basin at an altitude of about 1,600 
m, above the sea, we plunged directly into the canon of the San Miguel 
river. This gorge has been carved to a depth of about 800 meters through 
a succession of flows of andesite, rhyolite and basalt, alternating with beds 
of corresponding tuffs. At the mouth of the canon augite-andcsite is the 
basal rock and is partly covered by a flow of basalt. The basalt is perfectly 
fresh and may be the youngest rock of the section in spite of its low relative 
position. Flow structure is strongly in evidence in the lava beds and some 
of the tuff beds have been considerably indurated. The region occupied 
by the great gorge is estimated to be 7 or 8 km. wide. The region is one of 
moderate vegetation, and the mountain slopes are covered with grass and 
a scanty growth of small live oaks and jack pines. The whole section ex- 
j)osed, from Hacienda San Diego to the top of the Cordon del Metale, is 
about 900 m. thick. 

After following up the canon for a distance of 10 or 12 km. we turned 
abruptly to the east and climbed out of the goi^e by way of the Arroyo 
Metate and a neighboring arroyo to the south and crossed over the Cordon 
del Metate at an altitude of about 2200 m. The view across the canon to 
the w'estw^ard shows that it consists of a w^ll-dissected plain between the 
bounding w'alls and that the main river flow’s through a comparatively 
youthful gorge which it has cut in the low^est exposed bed of solid rhyolite. 
This bed is about 150 meters thick, and is at least double in make-up, for 
12 rn. above the river w’e observed a thin bed of tuff in it separating an earlier 
from a later flow’. The upper surface of the low’er bed is scoriaceous and 
contains rounded inassos of relatively dense roc’k which may be the remains 
of ancient bombs. The flows are columnar in structure with platey parting 
near their upper and low’er surfaces. Above this bed of rhyolite there are 
apparently several of andesite and an upper flow’ of rhyolite in the composi¬ 
tion of the W’alls of the canon. Roughly .speaking, w’e have the foliow’ing 
section on the San Miguel (Palanganas) river from the junction w’ith the 
Piedras Verdes river to the summit of the Cordon del Metate, w’hich forms 
the eastern w’all of the main San Miguel canon; rhyolite flow's and tuffs 
associated w’ith basalt, 100 m.; augite andesite overlain by basalt, 160 m.; 
rhyolite flowrs and tuffs, 150 m.; augite andesite flow’s and tuffs 350 m.; 
rhyolite flow’s and tuffs, 240 m. There w’as a considemble interval of 
erosion between the uppermost andesite flow’ and the overlring rhyolite. 

The intercalated tuff beds have given opportunity for the formation of 
the vertical w’alls of the arroyos and the canon, since they have been eroded 
at a more rapid rate than the beds of solid rock, thus undermining the latter. 
Furthermore, the planes of separation between the lava beds and the contact 
zones between the lava and the underlying tuff are the locus of many shallow 
caves, some of W’hich in time past have been used as human habitations. 
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Crossing the Cordon del Metate we came out upon the Llano Cristo, 
another inclosed basin about 30 km. long from north to south, at an eleva¬ 
tion of about 2150 to 2180 m. above the sea, or more than 700 m. above the 
Casas Grandes basin. Llano Cristo, however, is not a simple flat plain, 
but is rather a series of basins at practically the same elevation. The sur¬ 
rounding mountains rise from 200 to 250 m. above it. The surface of Llano 
Cristo seems in part at least to be the original surface of a great flow of 
andesite, the hollows of which have been filled more or less completely 
with wash. Here and there rhyolite is in evidence at a higher level, as is 
shown in the section given above. 

Most of the drainage is entirely internal, but toward the south the head 
waters of the San Miguel river and some of its branches have cut back 
into the plain, and the San Miguel canon heads near the manor house of 
the Hacienda San Miguel. The soil of the Llano Cristo is fertile and 
produces fine grass and crops of maize without irrigation. The hacienda 
of San Miguel, which includes the Llano Cristo, is one of the best of those 
belonging to General Tarrazas, comprising more than 1,000,000 acres of 
land and supporting even with the primitive methods employed 40,000 
head of cattle. Eight thousand steers are branded yearly. Two hundred 
persons live at the manor house, which is a regular fortification, built to 
withstand the attacks of roaming bands of Apaches and other hostile tribes 
of Indians. 

South of the house the plain Is marked by two series of prominent ter¬ 
races along a tributary of the San Miguel. The up])er of the two terraces 
rises gradually into the wash from the mountains and contains gravel which 
is partly consolidated. The San Miguel (Palanganas) river has its source 
in the so-called ‘"continental divide’" about 30 km. south of the manor 
house. The tenn continental divide is misleading in a region like the 
Western Sierra Madrc, where the relationships of the chief cordons are 
confused by the great eroded canons and valleys; where there is so much 
internal drainage in high basins, and where the division at best is between 
oceanic (Pacific) and interior drainage, since none of the rivers originating 
on the eastern slopes of these mountains, witli the exception of the Conchos, 
reaches oceanic (Atlantic) drainage. 

After leaving the Llano Cristo basin our route southward led us across 
low ridges and small basins at elevations of 2100 to 2170 m. above the sea 
in which are several ‘"cienegas,"" or marshes. The ridges are rocky and 
are sparsely timbered with an open forest of large long-leafed pine trees, 
but the basins are, as usual, covered only with grass. It Is a fine grazing 
country. The ravines show much scoriaceous lava, probably andesitic 
in character, but the higher portions of the ridges and the plateau are evi- 
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dently part of a great flow of rhyolite. About 40 km. from the hacienda 
house of San Miguel we entered the Llano Bavicora, a vast level expanse 
which forms the heart of the rich million-acre tract belonging to the Hearst 
estate. 

The Llano Bavicora is a tyjiical inclosed basin about 50 km. in length 
from northeast to southwest by about 32 km. in width. Its drainage 
seems to be entirely internal, and a laguna occupies a shallow depression 
in the middle, receiving the discharge of four or five considerable but vari¬ 
able streams. The basin occupied by the laguna is so shallow that the 
area covered by the waters and the outline of the shores vary greatly with 
the seasons. The general elevation of the plain is about 2110 m. above 
the sea. Low flat tongues of rhyolitic wash come far out into the basin 
from the low surrounding mountains. Opal and chalcedony pebbles are 
abundant in the wash. These are so numerous indeed that silica in this 
form must play an important part in the total of material. Many ledges 
of rhyolite and some of basalt border or jut out into the Llano Bavicora 
like the bluffs and headlands along the shores of the ocean. The bold 
capes, |)eninsulas and islands of lava are covered wdth residual boulders 
showing the gradation from ledge to soil. The degradation of the basalt 
progresses more rapidly than that of the rhyolite beds. 

Our route across the Bavicora plain had been from northeast to south¬ 
west, but at the border wc turned wcstw'ard and plunged into the forest, 
slowly rising from the time wc left the plain until Montezuma Pass w^as 
reached at altitude 2230 m. on the divide between the Bavicora drainage 
and that of the Aros river. The pass receives its name from an assem¬ 
blage of about tw o hundred mounds marking the location of a large village 
of supposed pre-Columbian origin. At the time of our visit the mounds 
had never been investigated or studied, but such a state of affairs can not 
be expected to obtain long, with the increavse of American travel through 
the region. Fifteen kilometers west of Montezuma Pass w'e reached the 
new* lumber camp of Dedrick in the midst of the heavy pine forest at an 
elevation of about 2210 m. above tide, upon the little creek knowrn as the 
Chuchupati, w'hich flows southward as a consequent stream until it breaks 
across the cordon and empties into the northw^ard flow^ing Aros yiver, a 
member of the Pacific drainage system. 

The region immediately about Dedrick is composed of rhyolite flow's 
and tuffs. The flows are both lithoidal and vitreous. The obsidian is 
brown, black and pearl gray in color, and is both heavily massive and 
platey in structure. Some of the platey rock is a veiy glassy rh^^olite w^hich 
has suffered much from devitrification. The obsidian shows beautiful lines 
of flow, either all black or alternating browm and black, and much of it is 
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perlitic in texture. The bnjwn is often the matrix for rounded masses of the 
black. Fragments of obsidian are abundant in the tuff. The most strik¬ 
ing feature of the petrography of the surface of this portion of the plateau 
is the predominance t)f andesite, in contrast with the prevalence of rhyolite 
to the east and south of this region, as described by Ordonez. The great 
mountain ridges rising above the high plateau seem generally to be of rhyolite, 
and they contain much obsidian as well as lithoidal lava. 

About five kilometers west of Dedrick we rea(‘hed the rim of the vast 
cafion of the Aros river, the trail passing over the divide at 2«'565 m. (aver¬ 
age of two readings) above tide. At this altitude there occurs a rather 
fine-grained soft conglomerate 20 m. thick containing rounded and sub- 
angular fragments of obsidian and other igneous material too much decom¬ 
posed for identification. This deposit seems to be consolidated stream 
wash from the neighboring ridge. On the south side of the pass over 
which the trail has been made the ridge of rhyolite rises to an elevation of 
probably 2775 or 2800 m., which seems to be about the maximum elevation 
of the highest portions of the cordons in this part of Chihuahua. 

The view across the canon of the Aros is superb. The canon is esti¬ 
mated to be 12 to IG km. wide and the river is from 1450 to 1600 m. below 
the highest portions of the rim. Innumerable beds of lava, indurated tuff 
and basin conglomerate or .sandstone expose vertical faces of more or less 
brightly colored rock, contrasting in pleasing fashion with the grass-covered 
talus slopes and the forests of pine or live-oak, according to altitude, while 
the crimson trunk of an occasional madrona tree and the pale greens of 
the cacti and the niagueys add charming variety to the foreground of the 
scene. 

The west-facing slopes of the eastern wall of the canon are steeper than 
the ea.st-facing slopes of the canon and of the region east of the canon. 
This is an indication that the degradation of the plateau is procee<ling east¬ 
ward and shows how the Pacific drainage has robbed the internal drainage 
of the basins of the central part of the Western Sierra Madre and is carrying 
the process farther eastward. The diurnal variation of temperature is 
greater on a west-facing slope than on an east-facing slope, on account of 
the higher heating power of the afternoon sun as compared with the morn¬ 
ing sun, while the nocturnal temperature is presumably the same on both 
slopes. The greater tlie variation in temperature the greater the strains 
produced in the rocks and the more rapid the disintegration. The prevail¬ 
ing wdnds come from tlie west bringing moisture from the Gulf of California. 
This moisture is almost all precipitated in the high mountains, and the 
rains are dnven again.st the w^estem slopes by the prevailing winds and are 
thus an aid in removing the rock d6bris. 
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The trail to the river leads down through a maze of side gorges, along 
sharp divides between deep ravines and across a level plain which is the 
remains of an inclosed basin. Nearly 450 meters below the summit of the 
pass we came upon an extensive flow of augite andesite 45 or 50 meters 
in thickness. The rock thus identified is black when fresh, with prominent 
phenocrysts of plagioclase (labradorite?). The altered zones of the mass 
show the feldspar phenocrysts changed to dark red in color. Under the 
microscope the rock is seen to have an extremely fine-grained hyalopilitic 
groundmass with porj:)hyritic augite ciystals subordinate in prominence 
to the plagioclase. The augite phenocrysts show^ resorption phenomena 
and sometimes their presence is to be inferred only from aggregates of 
minute magnetite crystals. The plagioclase phenocrysts, which contain 
many microlitic inclusions, are not excessively twinned, the basal cleavage 
is well marked and the angle of extinction on (001) of 30° is taken as indi¬ 
cating a feldspar at least its basic as labradorite. The ground-mass contains 
but little glass and what there is is light brown in color. Pyrite is a rare 
constituent in very small crystals. 

About 500 meters below the pass we traversed for several kilometers 
the level top of a mesa fonned by the local conglomerate and sandstone of 
an ancient inclosed basin wdiich has been deeply incised by tributaries of 
the Aros river since its drainage w’as captured by the master stream. We 
estimated the maximutn thickness of these basin deposits to be not less than 
150 m. but they are variable in development, their base being the imeven 
suHace of the original lava flows. We have spoken of “buried*' mountains 
in the bolsons of northern Chihuahua, but here in this canon we might as 
appropriately speak of “resurrected” mountains, since old peaks once 
covered by the accumulation of debris in the inclosed basin have been 
uncovered again by the dissection of the basin since the capture of its drain¬ 
age by the Aros. A resurrected mountain of andesite is shown in the 
illustration, pi. XXII. 

The number of lava flows in the region has been great. In one unim- 
porant side arroyo were counted 19 w^ll-raarked beds of lava, aside from 
several beds of tuff, and this must be only a fraction of the total number. 
Volcanic activity must have been tremendous throughout the Sierra Madre 
Occidental in Tertiary or, at least, post-Cretaceous times, and there was 
flow after flow' of andesite, dacite (?), rhyolite and basalt,'together with 
deposits of corresponding tuffs. About 800 m. below the rim we encountered 
red rhyolitic tuff, strongly bedded, with strike N. 10° E. (true) and dip 
27° E., conformably below W'hich was similar white tuff. The tuff beds 
were, together with intercalated rhyolite, perhaps 300 m. in thickness. On 
the farther (northern) side of an arroyo north of these tuff beds and in a 
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line with their strike there is a massive flow of rhyolite, estimated at 75 m. 
in thickness, and andesite (?) comes against the rhyolite on the east. 

About 850 m. below the pass over the rim of the cahon there is a small 
mesa almost entirely cut off from the surrounding ridges. This seems to 
be the remains of an inclosed basin about 350 m. below the level of the 
large inclosed basin just described. Its upper surface appeared to be 
composed of basin conglomerate and sandstone. We did not visit it. 

Our trail descended the bed of a little stream carved in a bed of andesi¬ 
tic lava at its contact with an underlying bed of decomposed red poiphy- 
ritic lava. We reached the Aros river about 1225 m. below the pass over 
the canon rim. At this point therefore the Aros river is approximately 
1340 m. above sea level. At the trail crossing, which is a ford except when 
the river is in freshet, there is a bed of vesicular basalt ( ?) the upper surface 
of which preserves the ropy appearance of a surface flow. The convexity 
of the ropes’^ is toward the south, showing that the direction of the flow 
was from the north. The bed is no^^ in a horizontal position and there 
are indications of its being a double flow or even more complex. It is con¬ 
formably overlain by a reddish yellow, rather soft sandstone about 1.25 m. 
thick, the thickness changing with the inequalities of the surface on which 
the deposit was made. It seems reasonable to suppose that the sandstone 
is a consolidated basin deposit, though it may indeed mark the course of 
an ancient stream. There is said to be considerable horizontally bedded 
sandstone in the various canons and arroyos, but exact data regarding 
other occurrences are lacking. Above the sandstone at our crossing of 
the Aros there is a hca\y bed of extremely altered vesicular basaltic lava. 
This bed and that below the sandstone have their vesicles filled in part with 
altered zeolitic material. 

Recapitulating the section exposed in the east wall of the Aros cafion on 
the Dedrick-Guaynopita trail we have, beginning below: basalt (?) of 
undetermined thickness, with its surface about 1345 m. above the level 
of the sea; reddish yellow, soft sandstone, 1.25 m.; massive augite andesite 
flows, 100 m.; red and white rhyolitic tuffs with intercalated beds of rhyolite, 
300 m.; augite andesite with rather coarse-grained groundmass, 180 m.; 
basin sandstones and conglomerates, 120-140 m.; strongly porphyritic 
augite andesite with very fine-grained groundmass 50 m.; concealed by 
wash of gravel and sand, 450 m.; rhyolite (to summit of cordon west of 
Dedrick) 250 m. This gives a total thickness of about 1,475 meters, but 
it must be remembered that the determinations were made with an aneroid 
barometer while passing once over a crooked trail. 

We found the Aros river to be in flood, though still 4.6 m. below the 
highest level for recent years, as recorded on the banks. We loughly 



Fia. 2. Aros Ca5^on. 

Near junction with Kio Chico. The great bluff, 220 in. high, eliows be<ls oJf rhyolite 
alternating with beds of tuff. 
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calculated the wi4th of the river at 40-45 m. and the rate of the current 
at about 100 m. per minute, but about 200 m. below our ferry the banks of 
the stream contracted considerably and there were dangerous rapids. The 
stream was much too high for fording, hence we constructed a rude raft 
with split cedar logs and ropes and transferred ourselves and our baggage 
safely to the farther side. Before the floods came, a stout rope had been 
stretched across the river and tied to convenient trees. This rope and a 
long rope which we had with us gave us the means of pulling our raft from 
one side of the river to the other with the aid of the swift current. Horses, 
mules and burros swam the stream without much difficulty. 

The Aros cafion is described as be^nning about 8 km. N. W. of the 
little town of Temosachic on the Chihuahua and Pacific railway. The 
first section of its extremely tortuous course is toward the south for about 
40 km. until it receives the important tributary from the southeast known 
as the Rio Verde, then it turns abruptly through more than 90° and pur¬ 
sues a northwesterly course for about 100 km. to the junction with the Rio 
Chico, where it bends westward in a grand curve for about 20 km. past 
Guaynopita and then follows a southerly course again for 50--60 km., receiv¬ 
ing on the way the important Tutuaca river from the south-southeast. 
Near Guadalupe the Aros turns through an angle of 180° and then flows 
northwest and west to its junction with the Yaqui liveT, of which it is the 
chief affluent. 

This river system is a most interesting example of a series of consequent 
streams whose drainage has been captured by a master stream cutting 
its way backward transversely to the original slopes of the lavas and tuffs 
making up the main mass of the plateau region. A striking feature of 
this system is the entrance of most of the tributaries into the Aros in an 
inverted, i. e., an upstream, sense, or direction. The Aros itself flows 
southward for several kilometers before its junction with the northflowing 
Rio Verde, which is the major stream at this point; the Chico flows south¬ 
ward into the northflowing Aros; the northflowing Tutuaca empties into the 
southflowing Aros; even the minor branches show" the same feature and 
flow in an ‘‘upstream*' direction into the major branches and the great 
river. 

From the ferry we advanced northwestward down the canon at>out 
3 km. to a widening of the goige where we camped upon the surface of the 
basaltic flow w^hich w"e encountered at the ferry. The large, perfect and 
numerous potholes, now 8-10 m. above low water level, testify to long-con¬ 
tinued presence of rapids at this point, and there are many such groups 
along the swift stream. The construction of the trail exposed fresh sur- 
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faces of the vesicular basalt and the author observed apophyllite, natrolite, 
calcite and quartz among the minerals filling the vesicles of the old lava. 
Above this flow there is a heavy bed of well-consolidated basaltic agglom¬ 
erate or breccia. The hard agglomerate fills the shrinkage fissures in the 
upper part of the basalt flow. Above the agglomerate there is a heavy bed 
of andesite. 

Above the andesite there occur several beds of rhyolitic lava and tuff. 
All almost vertical cliff 220 in. high near our camp beside the river showed 
at least eight beds of rhyolite in its composition. Opposite this great cliff 
we turned abruptly to the south an<J climbed rapidly out of the lower 
portion of the canon. About 90 m. above the river the trail crosses a dike 
of rhyolite porphyry^ cutting through the dark-red, devitrified obsidian or 
glassy rhyolite forming the country rock. The dike is from 2 to 7.5 m. 
wide and can be traced readily for about 200 m. in a direction N. 55°-T)0® 
W. The dike bifurcates toward the northwest and is lost. Slicken-sided 
surfaces associated vith this dike prove differential movement to have 
taken place in the country rock. Above the red beds there is a heavy bed 
of very light-colored, pinkish white rhyolite forming a striking feature of 
the landscape. The rock i.s so much like the dike rock just described that 
it seems probable that they are parts of the same magma, though then* 
seems to be no immediate genetic connection with the dark-red rhyolitic 
rock. 

Pursuing our way up the side arroyo, the grade of which is directly 
contrary to that of the Arcs, we found basin conglomerate and sandstone 
140 to 150 m. thick. Above the basin deposits demsc and amygdaloidal 
andesite flows were present from about 1600 m. to 1780 m. above the sea. 
At 1780 m. we encountered the lower portion of the whitish or light colored 
rhyolite above referred to, which we found to be not less than 100 rn. thick. 

Here the trail drops somewhat info the bead of a small arroyo, passes 
through a grove of large, handsome pines and within two or three hundred 
meters comes out suddenly upon the point of a salient jutting out into the 
main canon of the Aros. My aneroid gave the elevation of the pinnacle as 
1780 m. above tide, or about 550 rn. above the boiling flood of the river in 
plain sight below’ us and apparently almost at our feet. A magnificent 
scene was spread out before our eyes, as we looked into the maze of cations 
and arroyos. The bright reds of some of the rhyolite beds contrasted 
strongly with the dull reds of others, the light gray or white of the tuffs, 
the browns of the low-l}dng andesites, the various greens of grass-grown 
slopes, live-oak w'oods and pine forests and the brilliant yellow of an occa¬ 
sional lichen-covered cliff. From this view-point we could look into the 
upper portions of the great canon of the Chico river, a tributary of the 
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Fk. 6. Section along trail east of Morelos No. 2. tunnel, Guavnoplta. Looking S. W. 1. Heavy 
bedded Jimestone 25 to 30 m. 2. Heavy bedded limestone, 4 m. thick, containing many bands of chert 10 
to 15 cm. thick. 3. Diabase porphyrlte dike 1.5 m. thick. 4. Heavy bedded limestone; sillcified near 
the dike. 6. Granite apophysis 9 m. wide at base of section. 6. Calcareous cblorltlc schists 2.6 ra. 
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Aros, where there are said to be many ruins of pre-Columbian habitations 
in caves or on vantage points. 

The trail winds for nearly a kilometer along the edge of the plateau 
overlooking the river, and then descends rapidly into the portion of the 
gorge in which the mining operations of Guaynopita and Monterey are 
carried on. The Aros canon widens considerably through the entry of 
the Arroyo Haciendita and its tributaries from the south together with some 
other minor affluents of the main stream, but the extent of the little Guayno¬ 
pita district is comprised within an area scarcely 4 km. square. 

The geology of this district has been discussed by the author in another 



Fig. 7. (iraiiite apophysis in limestone at Morelos No. 1 tunnel (T), Guaynopita. 
Looking S. 55® W. 

place,^ so that a mere summary of facts and conclusions will be given here. 
At Guaynopita the Aros River has cut its carlon down into the granite core 
of the Western Sierra ^Madre region. The granite, however, is intrusive 
in and therefore younger than a bluish crystalline and semi-crystalline 
limestone which is most probably of Cretaceous age (fide R. T. Hill), 
and marine origin.^ The granite is also younger than andesite flows and 
breccias (tuffs) w’hich seem to be unconformable with the limestone also. 
The limestone strikes N. 55® E., has been greatly elevated, tilted, contorted, 
overthrust, faulted and metamorphosed by the mountain-making forces 
which have raised the general region, and which here seem to have acted 


* Festschrift, Harry Rosenbusch, pp. 77-95. Stuttgart, 1906. 

* The fact of the occurrence of post-Oretaceous intrusive granite in Mexico seems to iiave 
been made known first by E. Ordoftez, Vid. Bol. Inst. G6ol. de Mex., Nos. 4 , 5 and 6, p. 76. 
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from the west. Impure clayey layers within the limestone have been 
altered by regional metaniorphism into schists. Gneiss is closely asso¬ 
ciated with the scliist. Dikes of diabase porphyrite intersect granite and 
limestone alike, and they also cut across the great quartz veins which 
traverse the granite and limestone. Above the old andesite there are flows 
and tuffs of dacite (?), rhyolite and basalt. The order of sequence is, begin¬ 
ning with the oldest rock exposed at Guaynopita, Cretaceous limestone, 
andesite, granite, quartz veins, diabase porphyrite dikes, dacite (?), rhyolite 
and latest of all basalt, agreeing essentially vnth the sequence made out by 
W, H. Weed for his section across Chihuahua and Sinaloa from Parral to 
Bacubirito some hundreds of kilometers south of Guaynopita.^ From the 
e\ndence observ^ed in the east side of the Aros canon and elsewhere the 


s 

1 Section from east to west through Cobrizo Peak and Guaynopita Moun¬ 

tain. 1 he proportions are entirelj' scliematic. 

author is obliged to insert younger andesites also among or above the 
dacite (?) flows and tuffs, and basalts in the older part of the seric*s. 
Guajmopita mountain is coinj)osed mostly of the uptunied limestone, upon 
which the rhyolite seems to lie directly without any intervening andesite 
or dacite. The granite is a biotite granitite of medium coarseness of grain 
associated with hornblende granitite and muscovite-biotite granite. 

The granite carries chal(‘opyrite in considerable amount and this has 
supplied the copper ores (chalcopyrite, tetrahedrite and oxidized ores) to 
the contact zones and the great veins. The ores carry commercially impor¬ 
tant values in gold and silver. Contact phenomena are comprised mostly 
in the serpentinization and mamiorosis of the limestone and the garnetizing 
and epidotizing of the granite. Local enrichment, or secondaiy concentra¬ 
tion, of lead and copper sulphides and oxidized ores has occurred in connec¬ 
tion with some of the dikes. 

The canon of the Aros is strongly V-shaped at Guaynopita, evidencing 
a youthful stage of development. The more rapid cutting done By the great 
stream is shown by the presence of “hanging valleys” along the sides of the 



1 Trans. Am. Inst. Mtn. Eng., XXXJI, p. 458. 
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Fici. 1. Aros CaSon at Gitaynopita. 

T.<)wt‘r part is rut partly through granite. The upper sahent at the left is of Cretaceous 
hinestone. Volcanic rooks form the background. 



Fig. 2. Anos CAfJoN at Guaynopita. 

Old (left) and new (right) channels of the river in granite. 





Fig. 1 . (Utaynopita. Thk Cobrizo Peaks. 

Ouflit'Fs Of C'ivta<‘<*<)us luiifstoiif renting upon an intrusive granite. Mineralization has 
gone foiwuid along the coni act zone. 



Fia. 2. Guaynopita. 

Cretaeeous hme.stonc showing an overthrust fault. View looking north-northwest from 
near the northern (right) of the Cobrizo Peaks as seen in Fig. 1. 
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Fia,( 1. Guaynopita. Ordonez Butte. Fio. 2. Ocampo. 

Southvvi>'%t face sho\Ning limestone and associaterl schist, overlain bv The Santa Juliana vein about 5 meters wide (rijrht half of view) 

mic rockv. Intrusive i^ranite is at the bottom of the section. ‘ cut.** a heavj- be*l of diabase and its underlying Navosaigame conglom- 
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VoL. XXIII, Platk XXVI. 



Fig. 2. Rancho Las Animas. 

HotmUed knob of trachyte (left). A brecciated flow. 
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great gorge, some of which show picturesque waterfalls. High level (550 
to 600 m. above the river) benches of conglomerate and sandstone show the 
former position of some of the basin deposits of the old inclosed basin. 
Directly across the Aros from Guaynopita a strong butte rises from the 
river. The point is really an outlier of the Candelaria mountain mass, but 
it shows so typically the whole important history of Guaynopita and there¬ 
fore of the Western Sierra Madre that it seems worthy of a definite name, 
and Professor Hill and the author have taken the liberty of dignifying it 
by naming it Ordonez Butte after Ezequiel Ordonez, the Mexican geologist. 
The face of the butte is shown in Plate XXV, fig. 1. 

I^eaving Guaynopita 11 March our trail led us up a steep ascent of nearly 
IKK) m. to the top of the high mesa (2350 m. A. T.), where we encountered 
andesite and basalt. Looking backward to the north across the Aros cafton 
we had an impressive view of the profile of the great cuesta sloping gently 
at an angle of 3® southeastward from the great mass culminating in the 
Candelaria peaks. The elevated plateau is indeed the “Mother Range’* 
(Sierra Madre), for most of the present relief of the mountains is due to the 
extensive erosion that has taken place in the great landmass. Westward 
of Guaynopita the stage of erosion is more advanced, and the resulting relief 
is more complex and rugged. 

For four days our course lay somewhat east of south along the high 
mesa, 2200 to 2460 m. above the sea, forming the watershed between the 
Aros river on the east and the Tutuaca, an important tributary of the 
Aros, on the west. The general sIojkj of the mesa is gentle toward the south 
of east, and the eastward vslope is much longer than the western. The 
south wart! flowing drainage is con.sequent in cliaracter, and as has been 
intimated above enters the “inverted” stream of the Aros in an upstream 
sense. The westw^ard .slopes are veil’ steep and the meagre inverted drain¬ 
age is slow ly capturing the consequent drainage. The mesa varies greatly 
in width, from a mere ridge, w hen the two drainage systems come sharply 
together, to the broad Mesa Venado which is more than 1.5 km. wide at 
its widest part. The timber of the high mesa, 2100 m. and higher, is the 
long-leafed pine, and it is abundant, though the forest is not dense. 

The vegetation grows in zones dependent upon the altitude above the 
sea. The best-marked of these zones are perhaps those of the live-oaks 
and the pines. The live-oaks flourish between altitudes of about 1220 m. 
and 1830 m., gradually becoming more scrubby on the higher slopes, w’here 
an oak coppice looks like an old New England apple orchard. Between 
1800 m. and 2100 m. above the sea the live-oaks give place to the jack pine, 
w^hile above about 2100 m. the long-leafed pine is in its prime. The full 
growm pines are 45 to 55 m. high and 1.5 to 2 m. in diameter at the butt. 
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Hie lowest branches are often 15 to 18 m. above the ground. The timber 
of the high mesa is the real incentive for pushing forward the railroads 
which are trying to make their way from the central plateau down to the 
Pacific Ocean. 

The rock of the surface of the mesa over which we rode for 60 km. or 
more is mostly of dull brownish andesite, rather than the rhyolite which 
characterizes most of the Mexican plateau. This andesite contains few 
phenociysts and has a very coarse-grained groundmass. It would be 
classed as an augite andesite. There is much more of this rock in the make¬ 
up of the surface of the high plateau in western Chihuahua, than has been 
supposed; and furthermore the andesite occurs at more than one horizon, 
as is shown in the section in the Aros Canon from near Dedrick to the feriy 
on the trail to Guaynopita and elsewhere. 

About 60 km. southeast of Guaynopita we reached the old Chihuahua- 
Dolores trail. For days we had been traversing the trackless forest, hence 
the ivell-wom mule-paths of the old route across the Mesa Venado looked 
like a great highway. For many years this was the road traversed by the 
thousands of pack-trains needed for the transportation of supplies from 



Figr. 9. Arroyo Calaveras in the Tutyaca valley. Heavy bed (150 m. thick) of rhyolite 
breccia, or ag'gloinerate, cut by an andesite dike and overlain by andesite and andesite brwda 


Chihuahua to Dolores and other mining districts of the Western Sierra 
Madrc and the return of ore and bullion to the capital. Recently, however, 
a new trail %vith gentler grades leading to the Chihuahua and Pacific rail¬ 
way at Temosaehic has been established south of the Mesa Venado through 
the enterprise of American capitalists. 

Turning abruptly westward from this plateau we plunged into a deep 
tributary ravine of the Tutuaea river and made a complete .cross section of 
the district included within the Tutuaea cafion to the high mesa west of and 
above Dolores. The .scries exposed in the edge of the Mesa Venado was, 
in descending order: andasite about 80 m., rhyolite 40-50 m., anderite 
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(dacite ?) 150 m., rhyolitic or dacitic flows and tuffs 200-225 m. Below this 
series there is lithoidal and glassy rhyolite in massive flows, evidently of 
great extent, whose thickness could not be determined. Some obsidian 
was noted. An occasional basic dike is to be seen cutting the lower 
rhyolite. 

We made noon camp on 15 March in Arroyo Calaveras in the midst 
of the Tutuaca Valley at an altitude of 1520 m. at the foot of a north¬ 
facing bluff formed by a heavy bed of extremely coarse rhyolitic agglomerate 
with gentle dip to the southwest. This agglomerate overlies a flow of 
rhyolite and is confonnably overlain by andesite and a thick bed of atidesitic 
breccia. The rhyolite agglomerate is cut by a strong dike of andesite. 
North of this noon camp the volcanic beds dip northward and eastward, 
indicating the probability of the exi.stence of an ancient volcano or at any 
rate a volcanic vent in the vicinity. (See Fig. 9.) 

The lower hills are capped by remnants of basin conglomerates and 
sandstones, the outliers of the great Mesa San Augustin farther north. 
This mesa has a gentle dip of 2° to 3® eastward. All stages of the gradual 
dissection and removal of the basin deposits are to be seen in this section 
across the Tutuaca canon, from table-topped mountains, typical “mesas’* 
in the original sense of the word with flat tops many acres in extent, to shaft¬ 
like pinnacles upon rounded bases, and even to entirely denuded volcanic 
mounds, presenting an extremely billowy topography. Approaching the 
Tutuaca river we descended by an arroyo through these basin deposits 
and found them about 120 m. thick by aneroid measurement, but the thick¬ 
ness is naturally a variable factor. 

The Tutuaca flows northwarfl through the western portion of its drain¬ 
age basin, with the result that its tributaries coming in from the east are 
more important than those coming in from the west. This position of 
the river gives it a particularly thick section through the basin deposits, 
being near the bonlering mountains from which the supply of material came. 
As we neared these mountains, the component parts of the conglomerate 
were seen to be coarser. Many boulders 30 cm. or more in diameter of 
vesicular basalt (andesite ?) and smaller subangular fragments of other 
lavas were observed in a yellowish or brownish sandy matrix. About 80 
m. above the river, t. e., 1190-1230 m. above tide, there is a 40 in. bed of 
basalt, showing again the unwisdom of laying much stress upon the sequence 
of the beds of different kinds of lava in a large district. This fresh looking 
horizontal basalt at Dolores is at the same altitude above the sea as the old, 
tilted andesite at Guaynopita, only 50 km. distant to the north-northeast. 
At Guaynopita, on the other hand, basalt is the uppermost rock, 1000 m. 
higher than this lowest Dolores basalt. Above the basalt at Dolores there* 
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are many beds of less basic lavas, some of them rhyolites, through a verti¬ 
cal section of 1300-1400 m. 

About on a levt‘l with the basalt flow (1250 m.) the Dolores arroyo cuts 
tlirough a vertically laminated chloritic schist with northeasterly strike 
which is evidently a result of extreme regional metaraorphism. Time was 
lacking for the investigation of this exposure, but it should be noted in 
passing that this zone strikes approximately in the same direction with the 
zone of metamorphosed rocks (limestones and schists) at Guaynopita, but 
probably lies somewhat to the east of the axis of that zone. 

Following the arroyo upward through the overlying basalt and breccia, 
at 1460 m. above the sea, or 210 m. above the exposure of schist in the bed 
of the stream, we came upon the lower portion of the great bed of diabase 
140 m. thick in which occur the veins that are being exploited by the mines 
of the Dolores Company. The veins or dikes cutting the diabase are 
highly siliceous in character and are strong, wall-like affairs, sometimes 
6-8 m. thick, wliich can be readily distinguished standing above the less 
resistent country rock north and south of the diabase area. The general 
course of these veins or dikes is somewhat east of north. They are mineral¬ 
ized with argentite and free gold and silver, and considerable profitable 
mining was done along some of them in the crude native Mexican fashion 
before English and American capitalists took hold of the region in sys¬ 
tematic manner. Within the mine the diabase becomes more and more 
fractured and more and more altered and silicified as it a}>proaches the 
main vein, the Alma Maria,” so that it is not always easy to distinguish the 
bounding walls of the vein. The zone of fracturing and decomposition may 
be set down as being 20 to 25 m. wide on either side of the vein, making a 
total width of 45 to 60 m. including the vein. The alteration of the diabase 
consists in kaolinizing the feldspar and serpentinizing the augite, resulting 
in a rock that looks like a porphyrite. 

Another series of siliceous dikes forms an extremely interesting feature 
of the Dolores region. The rock is strongly marked with bright red bands 
parallel with the walls of the fissure. The rock is a highly acid igneous 
rock which is to be classed with the rhyolites. The dikes are possibly the 
feeders of the rhyolite cap which lies over the sheet of diabase. If this be 
true, the diabase is to be considered an extrusive flow. Direct evidence, 
however, as to the intrusive or extrusive character of the diabase sheet was 
not observed. The unaltered diabase showed no special peculiarities. The 
upper surface of the diabase sheet was determined to be about 1600 m. A. 
T. Above this is at least 100 m. of rhyolite, including both Hthoidal and 
obsidian flows. These beds have a pronounced dip toward the southwest. 
They are overlain unconfonnably by beds of acid tuffs which aggregate 200 
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Akuoyo Dolores and Dolores Mountain. 

Htrong slllcwius veins cut l»eds of tuff and iireccia arul are brought into 
superior resistance to eruidon. Dolores Mountain is about 3.000 lu. idgh and is one or t)ie uignir 
elevations of the Western Sierra Madre. 
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meters in thickness, the upper portion of which beds shows a dip somewhat 
north of east. 

The journey southward from Dolores was first over the cap of rhyolite 
flows and tuffs and then southward down a small consequent stream in a 
broad valley known as the Arroyo Amplio. The stream breaks across 
the divide on the east and flows in an inverted sense into the Tutuaca. At 
an altitude of 1800 meters we came to the base of another massive flow of 
basalt, which proved by aneroid measurement to be 120 meters in thickness. 
The position of this bed of basalt therefore is the same as that of the rhyolite 
just mentioned in the Arroyo Dolores, and shows a horizontal alternation 
between lavas of extreme divergence in chemical coinfx>sition. Tliis bed 
of basalt evidently is composed of several flows, since farther south and 



apparently continuous with it there are four indindual sheets of basalt one 
above another. The beds dip south of west, or in an opjK)site direction to 
those upon the east side of the Tutuaca canon. 

The arroyo here shows considerable stream conglomerate though it 
may be difficult to distinguish these beds from the basin formations wliich 
play such an important part in the eastern portion of the canon. The 
stream conglomerate, however, seems to be composed more largely of well- 
rounded, apparently water-wom pebbles and to be even more local in its 
development than are the basin formations. The Arroyo Amplio shows 
high-level terraces of gravel indicating former positions of the stream. 
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The drainage of the arroyo has been captured by a stream cutting back 
from the Tutuaca, but a divide of gravel south of the break through the 
eastern ridge causes the southern part of the arroyo to preserve its consequent 
southward drainage for a considerable distance farther, until the main 
stream finally discharges into the Tutuaca and the arroyo comes to an end. 

The valley to the west of the Arroyo Amplio is known as the Arroyo 
Charamusca, in which likewise coarse stream conglomerate and high-level 
terraces are in evidence. The drainage here too is consequent, i, e, toward 
the south, and like that of the Arroyo Amplio has been captured by the 
Tutuaca. High up on the western side of the arroyo the rhyolite cap is 
exposed in several precipitous cliffs 30-40 m. in height one above another 
with debris slopes between. 

The countiy^ is intersected with veins of quartz and other minerals, 
some of which are of great persistence. The largest of these, known as the 
“Veta Grande,” begins about 25 km. south of Dolores in the second north- 
south arroyo to the west of Arroyo Charamusca. It consists of quartz and 
calcite somewhat mineralized and rises like a wall above the softer country 
rock for a distance of 12-15 kin. in a north-south direction. Some prospect¬ 
ing has been done on the Veta Grande, but no mining as yet. 

Continuing south-southeast from the hamlet of Veta Grande we ascended 
a long arroyo with inverted (north-flowing) drainage which has been carved 
out of a tuff bed that dips 15° toward S. 30° W. Our noon camp was made 
on a bed of vesicular andesite showing beautiful flow struc'ture. This was 
overlain by the tuff, above which was a flow of basalt lying upon the irregular 
surface of the tuff. The tuff showed the indurating effects of contact meta- 
morphism for 15 to 20 cm. from the basalt. This arroyo headed abruptly 
in a cirque-like amphitheatre with extremely steep walls which were hard 
to scale. The pass between this arroyo and the next longitudinal ravine 
shows an altitude of 2040 in. (aneroid) above tide. The beds of lava and 
tuff in the view southward from this divide show the same gentle dip south 
of west, while those east of the Tutuaca dip toward the east or southeast. 
Whether this opposition of dip was due to an anticlinal arching of the beds 
or to the position of original deposition from volcanic vents was not deter¬ 
mined, but the unifonnity and |>ersistence of the opposing dips would argue 
for the existence here of a broad, simple anticline with the Tutuaca river 
flowing near the zone of fracture along a general course about N. 15° W. 
The surface of the longitudinal (north-south) ridges bordering the arroyos 
is formed of small, somewdiat lenticular mesas diminishing in altitude toward 
the south. These mesas slope toward the south-southwest in accord with, 
but to a less degree than, the dip of the component beds of lavas and tuffs. 

Our descent to the stream in the next arroyo to the west took us over 
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four flows of columnar, amygdaloidal basaltic lava with intervening beds of 
tuff or breccia. The fertile cattle ranch occupying tliis arroyo is known 
as Agua Caliente on account of some hot springs occurring here. Two 
kilometers south of the ranch house there is in the bed of the stream at an 
altitude 1500 m. a flow of rhyolite overlain by a bed of andesite or basalt. 

Three or four kilometers farther south at an altitude of about 1680 m. 
we came upon the scanty remains of an ancient inclosed basin. The basin 
sandstone and conglomerate here showed evidence of the presence of water 
during its deposition in the ancient mud cracks and mud-flat surfaces of 
the fonner and the numerous well-rounded (waterwom) basaltic boulders 
in the latter. Underneath the basin deposits there were, in descending 
order, basalt, perlitic obsidian and rhyolite. The basin deposits show 
some remarkable erosion forms in the fragments from the cliffs, but these 
are surpassed by the erosion of the tuff beds. 

The next point of interest was Las Animas ranch about 40 km. due 
south of Dolort's, where a squatter has taken up a little arable land in a 
cr(‘ek bottom. The low hills in the vicinity are capped by remains of coarse 
and fine basin deposits, which overlie tuff beds with a general southwesterly 
dip. The unconformity between the two is strongly marked. This open 
swale is limited on the south by a nearly symmetrically rounded dome-like 
hill (‘omposed of breccia made up of large angular blocks of extremely 
dense, fine-grained trach^c with prominent phenoerv sts of biotite and horn¬ 
blende. llie hill is really the northern end of a ridge whicli stretches 
away to the south for an undeterminetl distance. (See Plate XXVI, fig. 2.) 
The rounded form is due to ero.sion of the I)eds, which strike X. lO- 
15° W. and dip 8-10° W. The “breccia"’ is composed entirely of angular 
fragments of solid and platey trachyte in a pasty matrix of the same ma¬ 
terial and is therefore a brecciated flow. The rock in the fragments is 
unaltered in ap{>earance and is reddish gray in color on a fresh fracture. 

After paying a visit to the Cinco de Abril gold-silver prospect in the 
Arroyo Colonna (so named on account of the columnar forms left by erosion 
in a heavy quartz vein), 2 or 3 km. west of Las Animas, we traversed for 
3 or 4 km. the Arroyo Laigo, Here was probably the most northern 
exposure of a series of peculiar basins in which the basin sandstones and 
conglomerates rCvSt upon a heavy bed of almost pure white rhyolite tuff. 
The basin deposits are harder, or more compact, than the tuff, with the 
result that the latter has been worn away more rapidly than the fonner and 
great fragments of the basin rocks have slid or fallen to lower positions, 
where they frequently form caps on pedestals of the softer rock. All show^ 
the effect of eroding agencies, particularly of wind. In the rather fine¬ 
grained, homogeneous wdiite tuff the wind has produced a cornice-like 
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undercutting at the upper edge beneath the harder basin deposits. The 
strange effects of this style of erosion were observed from the Arroyo 
Largo southward for several kilometers through the ‘‘Tierra Blanca’’ district 
nearly to Yepaehie and in other places to the east and south. Besides 
plain capped pillars there are many masses remotely suggestive of animal 
forms in their grotesque features of development. 

Below the white tuff there is a coarse yellowish rhyolite (?) tuff which is 
exposed in the lower portions of the Arroyo Largo and again at the southern 
edge of the Tierra Blanca region where we crossed it. At the latter place 
the beds of coarse tuff are sharply upturned against a massive bed of horn¬ 
blende andesite similar in character to the component fragments of the 
breccia at Las Animas ranch. The strike of these upturned tuff beds is 
about N. 90° E. and the dip about 45° N., contrasting strongly with the 
N. 30° W. strike and 10°-15° W. dip of the overlying beds of tuff. It would 
seem that the position of the tuff beds indicated an intrusive origin for the 
great bed of andesite, but no contact nietamorphisrn was noted in the con- 



Fig. 11, Section from north to south 4 or 5 kin. north of Yepaehie showing cornice erosion 
in fine tuff (sec also Plate XXIX, fig. 1) beneath harder basin conglomerate an<l drag in a coarse 
yellow tuflf upon the surface of a heavy bed of andesite. The conglomerate at the right of the 
section is a remnant of the old filling of a basin which has been dissected by a tributary of the 
Mulatos river. The rock lying upon the rhyobte tuff seems to be basin conglomerate. 


tiguous tuff, and to assign the local unturning of the beds to drag of the 
settling tuff strata against the persistent and nonshrinking mass of solid lava 
seems to accord better with the other facts observed in the region. Under 
the microscope too flow struc’ture is vciy’ pronounced in the groundrnass of 
this rock, — a character unusual in intrusive sheets. 

Crossing the mass of andesite at an altitude of about 1850 m. above 
tide we noticed on the south side coarse well-bedded conglomerate fonning 
a terrace 50-75 m. high above the tributarj’ of the Yepaehie river which 
flows at the base of the bluff. Within a few hundred meters of the ande¬ 
site bed, and at essentially the same elevation, there is an extensive flow 
of rhyolite. The section exposed by the river is 60-75 m. thick and shows 
beds with strong flow structure mingled with those presenting curved colum¬ 
nar parting. The general relations of these rocks is shown in Fig. 11. 
These horizontal alternations between lavas of greatly varying basicity are 
of interest in considering the vulcanism of the region. 

The little Indian village of Yepaehie (2060 m. above tide) straggles along 
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two or three streets on the west side of a fertile inclosed basin, the drainage 
of which has been captured by the Mulatos river, a tributary of the Arcs. 
The villagers belong for the most part to the Tarahuraare tribe. They 
gain their livelihood by tillage and by caring for pack trains and travelers, 
the village being located at the junction of important trails through the 
mountains. The Yepachic basin is bordered by lava flows and tuff beds. 
Toward the west, beds of red and white tuff with strike of N. 40® E., dip 
10® W, are traversed by the trail. The tuff's contain occasional beds of 
devitrified lava. Looking northward from a point about three miles west 
of Yepachic we could see tuff (?) beds in the western face of the Santa 
Barbara ridge with distinct dip toward the east. Such variable dips are 
to be expected of course in beds of fine volcanic ejecta. The Sierra de Santa 
Barbara bounds upon the east the valley of the Mulatos river, which is an 
important tributary of the Aros. 

The general aspect of the topography of the head-waters of the Mulatos 
river system is one of greater maturity than that shown in the Tutuaca 
basin. Mesas are conspicuous by their absence and buttes with sharp or 
rounded tops rising to a general level are the present indication of the 
former extent of original and secondary flat lands. Canons with pre¬ 
cipitous w'alls seem to be lacking, their places being taken by valleys with 
more sloping sides, though still with V-shaped cross-section. 

Four or five miles west of Yepachic we traversed the picturesque Arroyo 
de la Cueva, the course of which is east and west. Here w^^e found evenly 
bedded sandstones at least 150 m. thick with strike about N. 60® E. and 
dip 20® E. The rock is composed entirely of volcanic materials consider¬ 
ably decomposed. JIany of the little pebbles in the gravelly layers are 
distinctly w^atcr-w’om in appearance. In color the rock is white, red, 
yellow and pistach green. In spite of its thickness this sandstone seems 
to be of rather local development, and on the south side of the arroyo within 
a quarter of a mile w’est of the greatest thickness of the sandstone there is 
a heavy bed of rhyolite. It is probable that the sandstone overlies the 
rhyolite, but the relation of the tw^o formations was not determined. 

Passing to the south over a low divide showing white tuff (or the sand¬ 
stone ?) upon the rhyolite, we entered the Arroyo San Jos6, another east and 
west ravine. We found ourselves entering a mineralized belt. The walls 
of the arroyo are of rhyolite flow’^s and tuffs intersected by strong veins of 
quartz, w^hich are prominent features of the country on account of their 
superior resistance to disintegration from weathering. In this arroyo 
is the producing gold mine called “Dios te guie“; at the mouth of the branch 
arroyo leading down from Cerro Boludo we saw the ruins of a Mexican 
6-starap mill with its arrastre. 
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Cerro Boludo (or ‘'Bald Mountain*’) is a residuaiy mountain com¬ 
posed of rhyolite and andesite flows and tuffs, capped with a bed of reddish 
white rhyolite 50-60 m. thick which dips gently toward the north. Its 
top is at an altitude of about 2400 m. above the sea. A mineralized vein, 
or aggregation of veins, of white quartz 17-19 m. thick cuts through the 
mountain from west to east (course N. 80°-90° E.) and has been greatly 
instrumental in preserving the eminence. It is reported to have been traced 
across country for 8 or 10 km. The vein is much brecciated and contains 
many cavities lined with drusy quartz crystals. Seams of kaolin, some of 
which are beautifully slickensided, occur in the vein and show that some 
differential movement has taken place since the filling of the fissure. 

Continuing southward from Cerro Boludo we traversed the Arroyo San 
Francisco in which at about 1760 m. above the sea lies the small Mexican 
mining camp of the same name with its little two-stamp mill and primitive 
arrastre. Gold-bearing quartz carrying copper and nickel is treated here. 
A great bed of lithoidal rhyolite characterizes this arroyo, giving great 
bluffs forming the walls of the ravine in places. This arroyo is tributary 
to the Rio de Mayo. The trail to Ocampo (Jesus Maria) leads out of this 
arroyo over a divide 280 m. above the San Francisco camp, drops into the 
small well-wooded Arroyo Paragatos, which joins the San Francisco a few 
miles to the west, and then passes over another divide into the great canon 
of the Rio de Moris, which is the principal tributary of the Rio de Mayo. 

The country rock of the upper portion of the great Moris canon is 
rhyolite and rhyolitic tuff intersected by many basic dikes. Below this 
(at about 1900 m. above tide) lies aa enormous thickness of dark blue or 
bluish-green coarse conglomerate which is likewise cut by many dikes, 
some basic and some apparently acid (rhyolitic). With this conglomerate, 
or rather alternating with the beds thereof, are associated beds of whitish, 
finer-grained, hard conglomerate and beds of dark red sandstone. All 
of these beds seem to be composed entirely of materials of originally igneous 
origin. Where the trail from San Francisco to Ocampo (Jesus Maria) 
crosses the Moris canon the beds dip rather gently toward the east or north¬ 
east, but looking toward the west down the canon one could see the dip 
gradually diminisliing and finally becoming distinctly westerly. The 
thickness of the detrital beds was not determined for lack of time, but it 
must be measured in scores of meters even when considerable allowance 
for possible faulting has been made. The rhyolite forming the cap-rock 
of the cafion walls was poured out on the eroded upturned" edges of the 
beds of sandstone and conglomerate. This sedimentaiy series seems to 
be of sufficient importance to require special designation, and Professor 



Fia. 1. Cekro Boludo, neak Yepachio. 

From t!u* southwest. Altitude 2150 m. above tide. An erosion remnant of Indurated 
rhyolite luff traversed by u irrejit quartz vein. 



Fig. 2. CaSon of the Kio db Mouib, 1,200 m, deep. 
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caUed the Navosaigame lonnation; upper part fa In aiideeite, rhyolite tuff and ruyome. 
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Hill and the author’ have proposed to call it the Navosaigame formation^ 
for convenience, from the name of the ranch in the Moris cafion where it is 
typically developed and where we first observed it. Plate XXX, fig. 2 gives 
a view of the entire northern slope of the Cafiion of the Rio de Moris at the 
Hacienda Navosaigame. The Navosaigame beds are exposed at Ocampo 
(see pp. 434 and 435) and Pinos Altos (pp. 436 and 439), according to the 
author’s observations, and probably elsewhere. They underlie an area, 
therefore, more than 20 km. in diameter. 

No limestone boulders were seen in the Navosaigame beds, but exhaus¬ 
tive examination could not be made. In the south wall of the Moris canon 
opposite the hacienda house a great dike of basic igneous rock rises far 
into the Navosaigame and may penetrate it. The rock appears to be dia¬ 
base, but is too much decomposed for satisfactory determination. About 
2 kin. east of this dike a porpluTite dike with large square or rectangular 
phenocn^sts of feldspar cuts the Navosaigame beds and rises through the 
caj)rock of white rhyolite. Here again as usual the basic rock has suffered 
decomposition to a much greater degree than the more acid lavas. Siliceous 
>'eins, however, are not lacking from the region, and a noteworthy example 
of one crosses the ^loris cafion like a great pinnacled wall about 3 km. 
east of the Hacienda Navosaigame. In appearance from a distance this 
vein was like the Yaqui vein at Guaynopita, the Veta Grande south of 
Dolores, the Veta Colonna at the mine ‘‘Cinco de Abril” west of the ranch 
l^as Animas, and several great veins at Pinos Altos, besides doubtless many 
others. 

In this region the Moris cation is not less than 13 km. wide and 1200 
ui. deep. No basin conglomerates or sandstones were seen, this part of 
the ( anon lying in the zone of more advanced erosion than the district farther 
oast, but river gravels w’ere observed at several altitudes. These gravels 
contain an occasional pebble or boulder of the blue Cretaceous limestone, 
evidencing the (K.*currence of this rock m situ farther to the east (upstream). 

The trail from Hacienda Navosaigame to Ocampo leads over the Cumbre 
Potrero at an altitude of 2120 m, above the sea into the Arroyo Rosario 
which is a tributary of the great Candamefla canon, in another branch 
of w hich lies the towm of Ocam[K). The cap rock of the Cumbre is rhyo¬ 
lite in great development, about 340 m. of the rock by aneroid measure¬ 
ment lying in practical horizontality upon the eroded upturned edges of 
the beds of the Navosaigame formation. The highest points rise to an 
altitude of 2320 m. above the sea, or 200 m. above the trail crossing of the 
old Combre Potrero. 

The rocks exposed along the trail in the Arroyo Rosario are decom- 

^ »Hovey, E. O. TU^ Western Sierra Madre of the State of Chihuahua, Mexico, Bull. Am 

Geog. Soc., Vol. 37, p. f>39. Sept., 1905. 
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posed rhyolitic tuffs and flows lying unconformably upon the beds of the 
Nayosaigame formation, which dip rather gently (about 15®) toward the 
southeast. Many large and small dikes of apparently rather basic igneous 
rock intersect both the Navosaigame and the overlying rhyolitic beds. 
Well-rounded boulders of disintegration are abundant and no fresh rock 
was seen. 

After passing over another divide at an elevation of about 2130 m. 
above the sea, the trail descends rapidly into the branch of the Candemefia 
cafion in which Ocampo is situated. Ocampo is a celebrated mining camp, 
better known, perhaps, by its old name of Jesus Maria. Several mines are, 
or have been, in operation here, and from one of them alone, the Santa 
Juliana, more than $100,000,000 w’orth of silver bullion was taken by its 
owners during about fifty years of active work in the nineteenth century. 
The cafion is so deep, narrow and crooked that one does not see the town 
resting in its bottom, a kilometer below^ the rim, until he is fairly upon it. 
The population of Ocampo varies greatly with the prosperity or adversity 
of the mines, but it is said to average 5,000 inhabitants. It is hard, how¬ 
ever, to see where so many people can be stowed aw^ay in the dwellings 
which are in sight, even with the crowding common among the Mexican 
peons. The town lies at an altitude (Balvanera ^lining Co’s, office) of 
about 1800 m. above the sea. Its position according to Lieut. H. O. Flipper, 
manager of the mines at the time of our visit, is lat. 28® 12' N. and long. 
107® 6' 40^^ W. (Greenwich). 

The Santa Juliana mine may be taken as typical of all the mines at 
Ocampo. A great composite quartz vein 5 to 10 m. thick cuts almost verti¬ 
cally (hade 4® or 5® toward N. W.) through a heavy bed of diabase and 
the underlying conglomerate (Navosaigame). The contact betw*een the 
diabase and the conglomerate is exposed in and beside the Providencia 
tunnel. The quartz is of course entirely secondaiy in origin and together 
with its mineral contents seems to have been derived from below. Where 
the Providencia tunnel enters the bluff the Santa Juliana vein strikes N. 
50® E., but about 61 m. from the mouth the vein and, consequently, the 
tunnel turn more to the north. Plate XXV, fig. 2, shows the relation of 
the great quartz vein, knowrn locally as the Santa Juliana vein, to the inclos¬ 
ing diabase at the Providencia tunnel. At the low^er left hand comer of 
the photograph the conglomerate of the Navosaigame formation comes into 
view. The Rincon tunnel, which is near by, follows a thick secondaiy 
quartz vein that lies nearly at right angles to the southern (Providencia) 
end of the Santa Juliana vein and hades strongly (30®) toward the south¬ 
west. Other heavy quartz veins in the district run parallel to and at 
considerable angles with the Santa Juliana. Time was lacking for an in- 



Ocampo. Ca^on below town. 

Nuvosuigamc congluiiierate overlaiii by diabase, above which are andesito and rhyolite 
flows and tufis. 
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Ocampo. Arroyo Sax Juax, 
riiffs of rhyolite tulT showing effects of wind erosion. 
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vestigation as to any system upon which the veins and joints might be 
arranged. 

The diabase has hif^Iy baked the conglomerate beneath it for 0.60 to 
1.2 ra. from the plane of contact. The principal effects of the metamor¬ 
phism are: the change of color to dark purple and the production of a shaly 
and hackly structure with consequent obliteration of the bedding planes. 
In places the sandstone or conglomerate has been rolled up into the base of 
the diabase sheet for several inches or even a foot (30 cm.) from the contact. 
The extrusive character of the diabase is further indicated macroscopically 
by the occurrenc^e of an occasional scoriaceous mass in it near the lower 
contact. Such a mass is a fragment of the original upper or front crust of 
the stream which has been rolled over to the under portion of the stream. 
Along the planes of incipient cracks or joints in the diabase and at uniform 
distances therefrom hematite has segregated, producing narrow zones of 
red which traverse the rock interruptedly in every direction. Similar zones 
of hematite occur in the Triassic diabase near New Brunswick, N. J. 
(and probably at many other localities). The Ocampo diabase shows a 
beautiful variolitic facies, the spots often being 1.25 cm. or more in diame¬ 
ter ami being scattered profusely through the rock. They are darker in 
color than the groundmass. 

Microscopically the diabase presents no peculiarities. 

leaving Ocampo for Pinos Altos one traverses first the Arroyo San Juan 
in a northeasterly direction, following the Ocampo-Mifiaca trail for 4 to 
4.5 km. to the ‘‘combre’* or divide 740 m. above the plaza of the town, 
where the two trails part company. An approximate section along this 
arroyo gives, in descending order: 

Rhyolite flows and tuffs probably 200 m. thick or more. 

Andesitic tuffs and flows (to divide) 160 m. and more. 

Coarse, dark-red, cross-bedded conglomerate and sandstone (dip E.), 80 m. 

Diabase, 120 m. 

Andesite flows, 20 m. 

Rhyolite tuffs and flows, 140 m. 

Gray conglomerate and dark, thin-bedde^ sandstone (tuff ?) (dip£.), 55 m. 

Diabase-agglomerate, 15 m. 

Diabase sheet or sheets, 150 m. 

Navosaigame conglomerate at 1800 m. above the sea and below. 

The section shows at least three horizons of heavy-bedded conglomerates 
and coarse sandstones, all dipping eastward or southeastward and cov¬ 
ered unconformably by lava flqws and tuffs. The fragmental rocks seem 
to be composed entirely of volouiic materials. The presence of numerous 
rounded teulders was the feature relied upon to dbtinguish them from 
tuffs. To this feature, in the cose of the upper sandstone member, was 
added marked cross-bedding. Pending further investigation these beds 
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Fig. 2. Pinos Altos. 

S£^,n lleirio vein, or zone, of qnartz with associated sUicihed country rock. 
Including rhyolite tuff has been removed by erosion. 
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are tAken to be of rather local development 
and not necessarily a proof of extensive sub¬ 
sidence and re-elevation. 

Pinos Altos is a mining to^vn lying 15 or 
16 km. north-northeast of Ocampo. Hie in¬ 
tervening country shows andesite and rhyolite 
flows and tuffs as the surface rocks. About 
half-way between the towns there is an area of 
yellowish sandstone dipping rather moderately 
south of east. The gently incised plateau 
which the trail traverses slopes gradually 
toward the north. Heavy forests of hemlcx'k 
and pine characterize the region. Pinos Altos 
lies in the more rugged and deeply cut portitm 
of the plateau between the Arroyo Durazno 
and the Arroyo Verde near where they join to 
form the great canon of the Kio Bravo. The 
Bravo joins with the Conchena to form the Kio 
de Moris. 

The region has derivecl its importance as a 
mining district from a network of strong sili- 
cious veins and silicified zones which intersects 
a complex consisting of basic igneous (pnibably 
diabase) dikes and sheets, andesite flows or 
sheets, acid igneous (rhyolitic) flows and tuffs 
and a’ basal conglomerate composed of w'ater- 
Avom igneoas materials. Being little known, 
the district merits rather extended descriptions 
on account of its interesting features. 

The strongest veins, or silicified zones, are 
three in number and run in a general easterly 
and westerly direction. They are the Mina 
Brava and its probable extension the Acrobate 
de Loco, north of the Rio Bravo and the 
Arroyo Verde; the San Ilegio and its contin¬ 
uation the San Nicandre in and near the south¬ 
ern wall of the Arroyo Verde, while farther 
south is the largest vein of all, which is known 
in its different parts from west to east as the 
Providencia, the Santo NIfto, the Veta Grande 
and the San Marias. Hiere are many trans- 










438 


Bulletin American Museum of Natural History, [VoL XXIII, 


verse veins of small size which, however, seem to have had an important 
bearing upon the mineralization of the region. The largest of these 
cross veins is the Transvaal, 1.5-2 km. northeast of the Mina Brava. 
The relation of the principal veins to one another and to the country rock 
b indicated on the accompanying sketch map (Fig. 12), important data 
for which were supplied by Mr. R. S. Brooks, a mining engineer in the 
field w’ho w^as thoroughly familiar with the district. The author did not 
visit the veins north of the Arroyo Verde. 

At several points the veins, or zones, are prominent features of the 
landscape on account of their superior resistance to the subaSrial erosion 
which has cut deeply into the associated tuffs. The action of the erosive 
agencies has been much quickened during recent years by the removal for 
mine timbers of the “lofty pines'’ w'hich gave the district its name. All 
the veins are alike and therefore a description of the Santa Nino will suffice 
for all. This vein has been exploited by the w’orkings of the Pinos Altos 
Mining Company and access to it 400 m. below' the surface is easy by the 
main mine tunnel, which is 1050 m. long, entering from the south w'all of 
the Arroyo Verde. The rock through which the tunnel has been driven is 
entirely rhyolite tuff, with three or four quartz veins about 1 m. wide and 
several silicified zones. The Santo Nino vein is considered to be from 10 
to 15 m. wide, and much drifting and stoping has been done upon it. It is 
reported that at the point of intersection of the tunnel with the vein the ore 
ran about $4 in gold per ton. 

The so-called “vein" does not have well-defined walls, and it seems to 
be a closely set network or zone of veins rather than a single vein. The 
amount of sulphide ores (pyrite and clialeopyrite) present gradually (timin- 
ishes with distance from the inOvSt definite siliceous vein. The diminution 
is probably secondary and due to the oxidation of the pyrites. Fractures 
abound in the immediate countiy' rock, wiiich is an indurated (silicified) 
rhyolite tuff, and slickensided surfaces show' that differ€‘ntial movement 
has taken place within the mass. Ferruginous brecciated zones ocTur in 
the tuff beside some of the smaller quartz veins composing the Santo Nifio 
network. The veins are essentially vertical in position and intersect the 
w^hole series of rocks exposed, with the possible exception of the highest 
cap-rock of rhyolite, w^hich is exposed only north of Arroyo Verde. 

Examination of the country rock w'estw'ard of the mine tunnel (at T 
on the map, fig. 12) as far as the Arroyo Durazno shows that beds of highly 
inclined (strike, N. 20° W., dip 35° E.) dark-blue and dark-red conglomerate 
and sandstone underlie discordantly the partly silicified rhyolite and tuff in 
w'hich the mine occurs. A long period of erosion occurred after the tilting 
of the conglomerate-and-sandstone beds before the deposition of the tuff 
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beds. The materials making up the conglomerate and sandstone seem to 
have been derived entirely from ancient basic igneous rocks, and the beds 
are referred to the Navosaigame formation. Interbedded with the con¬ 
glomerate are beds of diabase, and diabase dikes intersect the stratified 
rock and the overlying rhyolite tuff. The baking effect of contact meta¬ 
morphism is more evident perhaps in the beds of rhyolite tuff than in the 
Navosaigame conglomerate. The passage of these basic dikes through 
the rhyolite tuff as w^ell as the Navosaigame indicates the probability that 
the intercalated diabase sheets in the latter are intrusive in character, and 
that they were subsequent in origin to the tilting of the conglomerate. In 
the north wall of the Arroyo Verde a heavy bed of rhyolite lies upon the 
tuff beds. 

The region is one favorable to mineralization. Early igneous activity, 
during which rather basic rocks were produced, was followed by quiet 
times when the dark blue Navosaigame conglomerate was laid down, pos¬ 
sibly in inland basins formed after the manner of the present mesas of the 
<‘ountr}% Then followed some re^onal deformation, as is shown by the 
rather high dip of the conglomerate. This period of deformation was 
followed by one of renewed acti\ity, resulting in the outpouring of great 
quantities of rhyolitic lavas and the ejection of accompanjing ashes. The 
ash formed the major portion of the ejecta, and it now shows strong strati¬ 
fication. The general dip of the ash beds is about 10® W. by S., but there 
are many variations. After the eruptions of acid materials came the intru¬ 
sion and possible outpour of andesitic and even diabasic lavas. 

The nature of the region between Pinos Altos and Minaca can be de¬ 
scribed in only the most casual manner, since the 115 to 130 km. of trail 
were passed over in about tw’o days of travel. The trail first passes over a 
great area of the yellowish, reddish and whitish rhyolite tuff. Nine kilo¬ 
meters from Pinos Altos near the road to Concheilo there is a stream half a 
kilometer across of rhyolite showing flow structure beautifully and associated 
with much perlitic obsidian. 

The trail keeps for the most part ,pn the areas of tuff, but occasionally 
traverses a gorge in a flow* of rfiyolite or crosses the surface of an area of an¬ 
desite. About 40 km. east of Pinos Altos the trail drops into a vertical-walled 
gorge perhaps 60 or 60 m, deep in sandstone. The beds seem to be hori¬ 
zontal in position; they contain rounded grains and pebbles, and they 
show some cross-bedding. This probably is a strong development of basin 
sandstone. In color the rock is light yellow or whitish, but red pebbles 
were observed. The erosion phenomena shown in the gorge just mentioned 
are remarkable, and the numerous pinnacles, crags, grottoes and archways 
W^hich have been carved out of the rather soft material make the view^s in 
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eveiy direction most picturesque. The hour of my visit was so late that 
I could not stop to examine the rock closely or take photographs. 

The little Indian (Tarahumare) hamlet of La Cueva Humada is in the 
midst of this area of sandstone and is about 12 km. west of the village of 
Temochic. The Temochic river, a tributary of the Rio Verde and thus 
of the Aros, traverses the sandstone area from southwest to northeast and 
is bordered by vertical cliffs of the rock 40 or 50 m. high. In the near dis¬ 
tance can be seen the mountains of andesite and rhyolite that inclose the 
sandstone. 

The regularity of the sandstone beds is sharply disturbed near the river 
3 km. west of the village of Temochic. The beds on both sides of the 
Temochic river suddenly turn sharply upward, changing within a few yards 
from a horizontal position to a dip of 30® or more toward the \V. N. W, 
on the west side of the river and toward the opposite direction on the other 
side. The disturbing factor was probably an igneous intrusion, but the 
question could not be investigated on account of a heavy snow-storm that 
was raging at the time of my visit. 

The Tarahumare village of Temochic lies in a typical inclosed basin 
six or eight kilometers in diameter, the drainage of w’hieh has been captured 
by the Aros drainage system. The elevation' of the village as detennined 
by aneroid, average of two readings, is 2110 m. above the sea. East of this 
basin the trail rises over an extensive flow- of andesitic lava, reaching an 
altitude of 2310 m. upon it. At La Junta, 12 km. east of Toraochic, basalt 
is encountered at 2200 m. above the sea. Three kilometers beyond La 
Junta the Rio Verde, which flows m^hward into the Aros, cuts dow-n to 
2150 m. A. T. in this sheet of basalt, and east of the river the trail rises to 
2340 m. on the basalt, giving a thickness of at least 190 m. for this flow- or 
series of flows. The basalt apparently covers an area of many square 
kilometers and dips gently toward the west. It has been considerably 
dissected by the Rio Verde and its tributaries. 

The eastern limit of this basalt plateau is sharply defined near a little 
hamlet called Agua Caliente about 18 km. east of Tomochic. The bottom 
of the valley here is 2160 m. above tide and the section sliows basalt, rhyolite 
and obsidian (bed 30 m. thick), andesite tuff and andesite in descending 
order from the west. East of Agua Caliente the trail rises rapidly again to 
the top of a basalt plateau, which may w-ell be part of that to the w-est of the 
hamlet. After quickly regaining the altitude of 2360 m., the trail crosses 
for 6 or 7 km. an almost uniform slope of basaltic lava, sotnut of which is 
scoriaceous, which gradually rises to the altitude of 2420 m., at its eastern 
borckhr. This plateau or part of the great plateau, extends for many MIo- 
meters north and south. It has not suffered dissection t6 the extent shown 
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by that portion west of the Rio Verde, thus maintaining the cdbservation 
made farther north that erosion is advancing from the west eastward. The 
great basalt mesa, or plateau, is bounded on the east by a strong, deeply 
serrated cordon rising 300 or 350 m. above it and extending in a general 
N. N* W.~S. S. E. direction. The trail crosses the cordon through a notch 
at an altitude of 2510 m. above tide. The material of the cordon is augite 
andesite, dark purplish gray in color, weathering to a deep red. 

The descent to the basin east of the great cordon is rather gradual, and 
the floor of the basin may be said to begin at an altitude of 2300 m. It 
continues to descend more gently for two or three kilometers from the 
wesUTn edge, when the bananeter reads about 100 m. less, and this (2200 
m. A. T.) is essentially the level of the broad flat plain forming the bottom 
of the basin. The l3asin is one of the largest encountered upon the route 
ilescribed in this paper, being 15 to 18 km. wide from east to west and 35 
to 40 km. long. In the middle of it on the Aros river lies the old Tarahu- 
mare village of Pahuirachio, not more than 2 km. distant from the new 
railroad town of Mifiaea, which at the time of my visit was the passenger 
terminus of the Chiliuahua and Pacific* railway toward the west. 

The basin contains many lagunas, large an<l small, some of which appear 
to be iH^nnanent in character, while most are periodic. Much of the drain¬ 
age is still internal, although the Rio Aros (here called the Rio Guerrero) 
has made its %vay completely across the area. Here and there is to be seen 
the top of an almost buried mountain. ]Most of these knolls are of rhyolite, 
some are of anilesite, some of tr«i<*hyte and those of ba.salt are not absent. 

About 1.5 km. east of Mifiaea the peculiar hill known as Miiiaca Butte 
rises 2()() m. above the level of the plain. The eminence receives its name 
fr«)m the Mexican hen). General Minuca, w'ho lies buried on the top, having 
been killed there* with hi.s followers while making a stand against the attacks 
of hostile Indians. 

The Butte is a double cone (a small steep one upon a broad low one), 
the residue of a sheet of extremely glassy biotite-andesite. Devitrification 
and w^eathering have gone so far as greatly to obscure the microscopic 
characters of the rock. The upper and more glassy portion of the hill is 
decidedly more columnar in structure than is the lower, -while in the lower 
part the bedding is more pronounced. The less glassy lower part of the 
hill has resisted disintegration more successfully than the upper. The 
whole process of disintegration and consequent basin fillbg is Wutifully 
shown from the columnar structure and horizontal jointing due to contrac¬ 
tion fmm cooling, through the great subangular blocks and the smaller 
rounded masses, boulders, pebbles and sand to the fine soil of the plain, 
resulting from the constantly acting strains arising from diurnal and secular 
variatimm in temperature. 
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About 2 km. south of the railway station at INIinaea a j^roup of low knolls 
marks the top of a buried mountain of andesite. Black glassy lava occurs 
around the outside of the circle, the rock being rather dense, with flattened 
vesicles. Within this zone is a zone of cryptocrystalline andesite with 
strongly marked platey ])arting, while the center of the group is of fine¬ 
grained (lark-gray rock. Streams of boulders extend out on all sides into the 
basin, the boulders uniformly decreasing in size with distance from the 
knolls. Under th(' microscope the rock is seen to be tyi)ically hyalo-pilitie 
in texture and to be ])racticcdly free from jdienocrysts, except for an (occa¬ 
sional lath of plagioelase which is larg(‘r than its fellows. Minute black 
grains, appart'iitly of iron oxides, are scattered rather uniformly through 
the mass. 

The s('ction along die railroad east of Mihaca to the (^Ige of the (’hi- 
huahua basin seems to be holly in volcanic ro(‘ks, among which the basic 
varieties greatly jnTdominate. 


Uoxcnrsioxs. 

The structure of the Western Sierra Madre of the State of (diihuahua, 
as shown in the sections seen upon this journey, is not coiujilicattHl. A 
foundation of marine (h'cMaceous limestom^s has been raised to an altitude 
of at least 1800 m. above th(‘ l(‘vel of the sea. This ehwation was accom¬ 
panied by extreme n^gional metamorphism, as is evidemvd by the limestone 
schists of Guaynopita and Dolores, the pressurt' coming from the west. 
An ancient andesite was associated with the limestone, being jKiured out 
upon it before or during the elevation just nd'ernnl to. Post-('n*taeeous 
intrusive granite occurs in great masses in and beneath the limestone and 
andesite. More recently there have been innumerable flows of basalt, 
andesite, dacite (?), trachyte and rhyolite, and ejections of th(‘ correspond¬ 
ing tuffs, burying tin* older terranes. Here and there sandstones have 
been laid down, while in the numerous inclosed basins among the moun¬ 
tains the original relief of the surface has beem largely obliterated by the 
accumulated wash forming the basin .sandstones and basin conglomerates. 
Erosion has advanced mor<‘ rajiidly from the west than from the east, and 
the resulting enormous canons account for the present relief of the moun¬ 
tain ])eaks and ranges. 
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Article XIX.- RECORDS AND DESCRIPTIONS OF 
Al \STR A LI AN ORTH OPTER A. 

Bv James A G. Rehn. 

Ararivtny oj Xaiural Sripncf'.s of Philadciphui 

T1k‘ material on which tlic present paper is based forms part of the 
Hy. Edwards Collection, now the property of the Museum. For the 
opportunity to study this material the author is indebted to IMr. William 
Beutcnmuller, ('urator of Entomology. 

Ei^ht fiew species and one new ^enus are here described, and of the 
six j)i-eviousIy kmnMi genera represented in this series by new species three 
were Ihtlierto unfigured. 

FORFR’CLIIXE. 

Labidura truncata Kirlftf. Metoria. One male. 

hiAimiu:, 

Ischnoptera annulata Tipper. Victoria. One male. 

Oalolampra gracilis (/i/•////ac/*). Victoria. One specimen. Tasmania. 

One specimen. 

Platyzosteria melanaria Kriehs<m. Victoria. One immature female. 

Oniscosoma castanea Brunner. Victoria. One mah‘, two females. 

Panesthia australis Brunner Victoria. One female. (Queensland. 
One male. 

AdHDlD.E. 

Acrida nasuta hinuivus. 'Fwo male'-, one female. 

Cryptobothrus ^ gen. iiov. 

Belonging to the Acridine group Cjom})hoceri and closer related to 
Chorthippm' (Sfenohofhrnj<) than to the other genera of this group. As its 
general character is quite distinct from this genus a generic diagnosis is 
here given. 

Form moderately compressed. Hea<l ith the face distinctly retreating, arcuate; 
fastigiurn trigonal, margins and ajx^x acute, junction of the fastigiiim and frontal 

I Kpvtrros hicitien. Po9po$ a pit or depresvion. 


443 



444 


Bulletin American Museum of Natural History. [Vol. XXIII, 


costa rounded; lateral foveohe visible dorsad, longitudinal, impressed only by 
punctations; frontal costa sulcate ventrad of the ocellus; antennic depressed, the 
distal section broader than the proximal. Pronotiun with the caudal margin sub- 
rect-angulate, lateral carinap distinctly converging (‘audad and slightly so cephalad. 
median carina distinct; lateral lobes deeper than long. Tegmina reaching beyond 
apex of abdomen; no stridulating field developed; no continuous intercalary vein 
present, an irregular substitute occupying the area. Wings ample. Caudal femora 
rolmst. Caudal tibiae \Nith eleven .spines on the lateral margins, spurs slightly but 
not greatly unequal. 

Type.— C. chrysophorus n. .sp. 

Gryptobothrus chrysophorus^ n. sp. 

Type, S'; Victoria, Australia Edwards Coll., Ainer. Mus. Nat. Hi.st. 

Size small. Head with the occiput slightly elevated above the level of the p»o- 
notum. very gently arcuate, the inter.space between the eyes e<|ual to the fastigium 
in width, the latter being slightly less than twice the interantennal width of the 
frontal costa, margins .slightly acute angulate. elevated, disk almost wholly depressed 
inside the margins, no median carina pre.sent, when viewed laterad the angle of the 
fastigium and frontal costa is moderately rounded; lateral foveohe distinct for their 
entire length when viewed dorsad, the depressed area j)roduced almost entirely by 
punctations and di.^tinctly longitudinal, oAcr twice as long as broad and with the 



Fig. 1. Cryptobothru-s rhrysophorufs sp no\ Lal«*!ul \it*w of type. ( X 3). 

dorso-cephalic angle broadly rounded; frontal costa from a very small dorsal width, 
regularly expanding to the region between the antenme, subecpial ventrad of thi.« 
and becoming obsolete immediately dorsad of the clyjx^al suture, strongly punctate 
dorsad of the ocellus, sulcate ventrad; supplcmentaiy^ facial carina? regularly but not 
strongly divergent; eyes ovoid, distinctly flattened cei)halad, slightly prominent 
when viewed dorsad, in length distinctly exceeding the infra-ocular sulcus; antennae 
slightly shorter than the head and pronotum together, apex bhmt. Pronotum 
with the cephalic margin very slightly angulate, caudal margin rectangulate with 
very slight emarginations laterad; median carina distinct, lateral carinae at the 
narrowest point (middle of prozona) separated by less than half the greatest area 
between them (on the metazona); prozona slightly shorter than the metazona; 
lateral lobes deeper than long, ventral margin obliquely emarginate cephalad, 
truncate caudad. Tegmina extending beyond the apex of the abdomen by the 
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length of the pronotum; costal margin with a small proximal lobe, distal half of 
the same margin arcuate, apex rounded. Wings with the greatest width contained 
about twice in the length; area between the caudal rami of the discoidal vein and 
the median vein rather broad and with seven arcuate transverse veins which are 
rather regularly placed, this area having somewhat the appearance of similar de¬ 
velopments found in certain American Acridinie (Truxalinae). Interspace between 
the mesosternal lobes distinctly hut not greatly transverse; mesostemal lobes 
subattingent. ("erci simple; subgenital plate conical, not distinctly produced. 
Caudal femora robust, the length about twice as great as that of the head and pro¬ 
notum together, the greatest width contained about three times in the length, 
donsal outline slightly concave distad, ventral outline regularly convex; caudal 
tibhe slightly sinuate. 

(lencral color broccoli brov\n, marked and washed with bistre and buff. Face 
ver>' pale buff, antenna* becoming bistre distad. Pronotum with 
the dorsal section of the lateral lol>e'‘ on the prozona l^istre, the 
same color lapping over narrowly on the dorsum of the rneta- 
zouii, lateral carime marked with pale buff; metazona on the 
lateral lobes wfished with reddish Tegmina with the anal field, 
and a narrow area adjoining the same, buff, the remainder of 
the tegmen closely maculate with l>i'^tre on a buff ground, the 
inaculations small, Imt varying in size among themselves, suI k 
( ptadrate and not sharjily defined exeept between the mediastin 
and humeral veins where siv ol the largest size are distinctly 
indi<'ated. Wings with the a)K*x and the better part of the 
anterior field w!ishe<l with bistre, remain<h*r lemon yellow’, weak 
mesjid, strong proximad Caudal fenmra with a median macula- 
tion on the dorsal face and the genicular region bistre, internal face bistre with a 
pale pregenicular area, ventral snleiis except for a pale pregenicular space scarlet; 
camlal tibia* sc'urlet, the genicular region bistre, the spines tippeil with black: caiidal 
tai’si washed with scarlet \bdomen orange-red dorsad. 

]\ft asurt tnmts. 



Fig 2 ( rypt <- 

hotUrua chn^Htipho- 
r«*'gt*ii H sp, ni)v 
iJorsui Mi*\\ ot 
head aiul prouo- 
1 inn. ( V 3.) 


Length of body 

14 .“) mm 

Length of pronotum 

“ 

(ireatest width of disk of pronotum 

2.r> “ 

Length of tegmen 

i:ls “ 

flreatest width of tegmen 

2S “ 

Length of caudal femur 

in:i “ 


The type i.s the only spe(*iin(Mi of the species examined. 


Chortoicetes yorketownensis Hrancsik, 

Victoria. One female. This species was described from Yorketown, 
South Australia. 

Ohortoicetes affinis n. sp. 

Type, o' ; New’ South Wales, Australia. Edw'aris Coll., Amor. Mus Nat. Hist. 
Allied to C\ t/orketownrnsis and frattr Bmnc.sik, but differing from the former in 
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the smaller size, the wholly sulcate frontal costa and some features of the coloration, 
while from the other species it differs in the larger size and in the cephalic margin 
of the wing not being infuscate. 

Size rather small; form elongate, moderately compressed. Head with the occiput 
and vertex distinctly elevated above the level of the pronotum, arcuate; interspace 
between the eyes slightly more than once and a half the inter-antennal width of the 
frontal costa; fastigium very slightly wider than the interocular space, about as 
long as broad, the margins regularly converging cephalad and separated at the apex 
by a slight space, the lateral margins continued ventrad into the frontal costa; lat¬ 
eral foveolse visible dorsad for their entire length, sublanceolate, the greatest width 
caudad and contained about twice in the length; angle of the fastigium and face 
rounded when view'ed laterad, face gently but very decidedly retreating; frontal 
costa regularly expanding from its junction with the fastigium, where it is about 
half the width it is at the ocellus, margins carinate, failing by a narrow space to 
reach the clypeal suture, sulcate through its length, but not so strongly dorsad as 
ventrad of the ocellus; eyes ovate, hardly prominent when viewed dorsad, in length 
distinctly but not greatly longer than the infra-ocular sulcus; antennap slightly 

depressed Pronotum very 
slightly depressed mesad; 
cephalic margin of the disk 
very slightly angulate, 
caudal margin rounded 
obtUHc-angulate, lateral 
Carina* constricted near 
the middle of the prozona, 
diverging considerably and 
equally in projX)rtion ce¬ 
phalad and caudad, me¬ 
dian Carina, distinct, low; metazona slightly more than once and a half the length of 
the prozona; lateral lobes slightly deeper than long, ventral margin obtuse-angulate. 
Tegmina elongate, narrow, exceeding the apex of the abdomen by more than the 
length of the head and pronotum; costal margin with a veiy^ low, slightly marked, 
proximal dilation, apex rounded with a slight tendency toward oblique tnincation; 
intercalary vein strongly developed, branching from the median vein at about tvvo- 
hirds the length of the intercalary area, and as a w hole lying closer to the median 
than to the ulnar vein, anterior intercalary area with a number of very short cross 
veins, posterior intercalary^ area with irregular oldique veins in the proximal half, 
but the distal half is supplied with nine or ten regularly spaced oblique cross veins 
separated by rhomboid spaces. Wings large. Interspace between the mesosterind 
lobes siibquadrate, the angles of the lobes rounded. Cerci simple. Caudal femora 
of medium build, slightly less than two-thirds as long as the tegmjna; caudal tibire 
with ten spines on the lateral margins, spurs subequal. 

General color wood brown marked with Vandyke brown. Head with the face 
washed with cinnamon, dorsum of the head obscurely lined with Vandyke brown, 
a narrow post ocular streak of the same color also present; eyes raw umber. Pro¬ 
notum with the dorsum touched with cinnamon on the prozona, blending into drab 
on the metazona, the dorsal section of the prozonal portion of the lateral lobes and 
the mesad margin of the lateral carinaj caudad of the constriction Vandyke brown, 
the lateral carinae ochraceous buff. Tegmina semi-hyaline with four patches of 



Fi|?. 3. Chortoicetes affitus n. .sp Lateral view of type 
(X 2i;. 
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Vandyke brown extending eaudad nearly to the posterior ulnar vein, the tw^o median 
ones, placed near the middle of the teginen, being very distinct and subquadrate, 
the proximal and distal ones irregular, the interspaces touched with buffy, apex 
and anal field with subquadrate'blotches. Wings hyaline with the apex narrowly 
suffused with brown. Caudal femora with two faint bars on the dorsal face, lateral 
carinse with a num]t)er of blackish-brown maculations, genicular region suffused, 
ventral sulcus flushed with pinki.sh-red; caudal tibi© with the distal two-thirds 
pinkish, the genicular region Vandyke brown, the proximal third very pale buff, 
spines and spurs tipped with buff; tarsi buffy. 

Meamrcments. 

Length of body 
Length of pronotuin 
Greatest w idth of disk of pionotuin 
Length of teginen . 

Length of caudal femur 

The type is unique. 

Ohortoicetes pusillulus n. sp. 

Type, ; Victoria, Australia. Edwards Coll. Amer. Mus. Nat. Hist. 

Allied to C. jungi Brancsik ‘ but differing in the much smaller .size, the absence 
of maculations on the anal area of the tegmina and of any reddish coloration on the 
llml)s. 

Size very .small; fonn moderately .slender. Head with the occiput distinctly 
and con.siderably ascending to the vertex, the wddth of the latter (interocular) 
about two and a half times the 
width of the narrowest part of the 
frontal cc).sta; fastigium consider¬ 
ably declivent, the lateral foveoUe 
causing the distinct margins to he 
concavely convergent, the .separa¬ 
tion from the frontal co.sta being 
made by a poorly defined trans¬ 
verse ridge, the lateral oariiuc of the 

costa being continuous with those pusdlulus n. sp. Lateral 

^ . . , , , , Nlewoftype. C X 3). 

of the fastigmin; lateral foveohe 

elongate suhtrigonal; frontal costa slightly expanding veutrad except for an area 
in the vicinity of the median ocellus where it is subequal, di.stinctly but not greatly 
silicate throughout except vent rad; c>es ovate, somewhat flattened cephalad, 
slightly prominent when viewed dorsad, the length considerably more than that 
of the infra-ocular sulcus; antenna* about half again as long as the head and pro- 
notum together, apex acuminate, Pronotum slightly longer than the dorsal length 
of the head, cephalic margin of the di.sk gently arcuate, caudal margin obtuse-angu- 
late with the apex rounded, lateral carina> weak, strongly constricted at the middle 
of the prozona, the carime almost obsolete on the .section of closest proximity; 
lateral lobes di.stinctly deeper than long, the ventral margin broadly obtu.se-angu- 
late. Tegmina somewhat exceeding the tips of the caudal femora, apical section 
slightly narrower than the median and cun^ed somow^hat toward the sutural mar- 

'Jahresb., Naturwiss. Vcr. Trencs^'n. Conut., Trencs^n, XIX-XX. pp. 70-71. 



20.6 mm 
4. “ 

3. “ 

23. “ 

12.8 
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gin, apical margin rounded; intercalary vein nearer the median vein in the distal 
two-thirds, nearer to the ulnar vein in the proximal third. Wings ample. Inter¬ 
space between the mesosternal lobes strongly transverse, the angles of the lobes 
obliquely rounded; interspace between the metasternal lobes very small, subquad¬ 
rate. Caudal femora nearly two-thirds the length of the body, moderately robust, 
the greatest w'idth contained nearly three times in the length, pagina? deeply 
sculptured; caudal tibiae with ten spines on the lateral margins, spurs decidedly 
but not exceptionally unequal. 

General color l)utT, marked and sprinkled with mummy brown. Head pale 
drab dorsad and bearing a pair of sub-equidistant lines of mummy-brown on the 
occiput and several short bars on each side caudad of the eyes; face and ventral 
portion of the head strongly yellowish buff; eyes tawny olive; antenna? indistinctly 
annulate with brownish, the a]5cx darker than the base. Pronotum with the disk 
and the dorsal half of the lateral lobe.s washed with mummy brown, the median 
section of the prozona, the caudal section of the metazonal disk and the lateral 
carinsc huffy, the carina? of the metazona iKung broadly and distinctly marked, a 
fX)orly defined pale oblique line is present on the dorsal section of the lateral lobe.*', 
line of darker color on the lateral lol)e.s sigmoid and bordered with blacki.sh on 
the prozona. Tegniina huffy proximad, hyaline distad, a series of about seven 
subquadrate blotches of niunimy brown j)laced in a longitudinal series extending 
three-fourths the length of the middle of the tegmina. Wings hyaline. Caudal 
femora with several dorsal patches, one indistinct and proximal, oiu' median and 
large, another pregenicular, a fourth involving the geme and lobes, these blotches 
extending a considerable distance ventrad on the internal face, external face with 
shadowy indications of several <»bli(|ue bars, marginal carina^ of the external face 
punctate with blackish-brown, particularly the ventral one; caudal tibia* very 
weak olive-yellow, the spines blackish for at least half thei. length. 

Measurements. 


Length of body . ... . . l‘Jomm. 

Length of pronotum . . 2 o ‘‘ 

Length of tegmen . , 11.o “ 

Length of caudal femur . . , S 1 


A topotypic male has also been examined. It is someubat smaller 
than the tyj^e and of a more sharply eontnisled coloration. Tb(^ obli(jne 
bars on the lateral face of the caudal femora are well defined, tind the (*ar- 
inae without inaculations, the dorsum of the bead and pronotum lias a me¬ 
dian longitudinal subequal pale bar and the (*xtreme apex of tin* w ing also 
has sub-linear markings. 

Aiolopus tamulus (Fahririus). New'South Wales. One female. 

(Edaleus marmoratus (Thutiherg). Victoria. One female. 

(Edaleus nigro-fasciatus australis Saussure. New' South Wales. One 
female. 

(Edaleus senegalensis Krauss. New' South Wales. One male. Thi.s 
species has been recorded from Aastralia by Saussure. 
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Atractomorpha australis n. sp. 

Type, 9 ; New South Wales, Australia. Edwards Coll., Ainer. Mus. Nat. Hist. 

Closely allied to A. aun'raliana Bolivar from Rockhampton, Queensland, but 
differing in the shorter head and fa.stigium, the shorter tegmina and decidedly 
shorter and narrower wings and longer caudal limb.s. 

Size medium; form as u^ual in the genus. Head on the dorsum nearly two- 
thirds the length of the pronotum; occiput hardly arcuate; fastigium slightly 
longer than broad, tafKjring, fhe apical margins curved but the &pex not distinctly 
rounded and with a slight angulation; frontal costa narrow, compressed between 
the antennsp, slightly expanded immediately ventrad, subeqiial thence to the clypeal 
suture cxcep)t for a .slight expansion around the ocellus, shallowly sulcate except in 
the constricted dorsal section; face verj^ greatly retreating, concave; eyes sub- 
ovoid, slightly flattened caiulad, length .slightly less than that of the fastigium; 
tubercles ventro-caudad of eye distinct and rather large; anteniifie distinctly but 
not greatly shorter than the pronotum, thick, apex slightly tapering. Pronotum 
with the cephalic margin of the disk sub-tmncate. caudal margin obtuse-angulate 
\Nith a shallow median emargination, lateral angles of the disk carinate on the 
cephalic tuo-thirds of the prozona. tlisiinct but not carinate on the remaining por- 



Fig. 5. Atractomorpha ausinilI< n sp Dorsal mcsv of type. ( X li.) 


tions, the greatest catidal \\idth of the disk contained about two and one-third times 
in the length, median carina distinct, prozona occupying about three-fifths the 
length of the pronotum, disk of the metazona irregularly lineato-rugose; lateral 
lobes nearly twice as long as dwp at the ventro-caudal angle, ventral nmrgin oblique, 
following the line of tubercles ventro-caudad of the eye and provided with excres- 
cence.s of the same character, caudal margin rotundate-emarginate. Tegmina 
about twice as long as the head and pronotum together, elongate lanceolate, costal 
margin with a moderate proximal lobation. Wings about two-thirds the length 
of the tegmina, narrow, the width contained three times in the length; apex acute. 
Pn)sternal projection transverse, truncate; intersimce between the mesosternal 
loix's slightly transverse, the cephalic width slightly greater than the caudal; inter¬ 
space Ijetween the metastemal lobes .strongly transverse, very shallow'. Caudal 
femora as long as the abdomen, slender, tapering in the distal two-thirds, pattern 
of the pagina 3 almost obsolete; caudal tibiae about five-sixths the length of the 
femora, lateral margins with ten spines, internal margins w’ith eleven. 

General color chrome yellow, olive-yellow' on the caudal section of the pronotal 
disk; tegmina olive-yellow; wings pale olive-yellow^ along the veins of the anterior 
field, posterior field suffused with geranium pink, the color becoming -»veaker distad 
and always stronger along and in the immediate vicinity of the dorsal veins. 

t90T.] 



450 


Bulletin American Museum of Natural History, [VoL XXIII, 


Mea}turem£nt$. 


Length of body.32. mm. 

Length of head (dorsal) . . .... 5. 

Length of pronotiim .... . . . . 8. 

Length of tegmen . . . 25. 

Greatest width of tegmen . . 4. ‘‘ 

Length of wing. 17.3 ** 

Greatest width of wing ... 5.6 “ 

Length of caudal femur. ... 16.3 “ 


The type is the only .specimen of the species seen. 


Azelota Brunner. 

Azelota diversipes n. sp. 

Type, J'*, Victoria, Australia. Edward.s Coll., Amer. Mus. Nat. Hist. 

As no described species have been a.ssigned to this genus no comparisons can be 
made. 

Size medium; form somewhat compres.sed. fairly robust; surface of the head 
and thorax, rugose, rugulose or pimctate. Head with the occiput slightly ele¬ 
vated about the disk of the pronotum, moderately arcuate b\it slightly flattened, 
area between the eyes about twice the width of the frontal costa at the ocellu.s and 
provided with three longitudinal carinap, the lateral ones being short, the median 
continued over the occiput; fastigiuin very slightly declivent, slightly longer than 
broad, lanceolate, the greate.st width caudad. margins distinctly carinate, the disk 
moderately e.vcavated; lateral foveolae hardly appreciable; angle of the fastigiuin 
and frontal co.sta moderately rounded when viewed laterad; face distinctly but 



Fig 6. Azelota diversipes n, sp. Dorsal view of type. ( x -.) 


not greatly retreating; frontal co.sta gradually but .slightly expanding from the 
narrow dorsal section, sulcat,e ventrad of the ocellus and for a short di.stance dorsad 
of it; eyes ovate, .slightly flattened cephalad, .slightly prominent when view’ed 
dorsad, in length nearly twice that of the infra-ocular .sulcus; geme rugose; antenna 
slightly shorter than the head and pronotum together, distinctly depressed, slightly 
tapering distad, apex blunt, Pronotum with the disk nearly twice as long as the 
greatest caudal width of the same, cephalic margin of disk moderately arcuate, 
caudal margin obtuse-angulate in general form but in detail w'ith a principal median 
arcuation and a pair of lateral one.s, thus making a sinuation in the margin each 
side of the apex; lateral margins with low carinse slightly expanding caudad, severed 
by at least two principal transverse sulci; median carina distinct, moderately high, 
slightly sinuate, divided, but not deeply, by the principal sulcus; rnetazona and pro- 
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zona subequal in length; disk with scattered subparallel linear rugosities; lateral 
lobes very slightly longer than deep, ventral margin obtuse-angulate, caudal margin 
oblique, slightly sinuate, prozona irregularly rugose, metazona closely rugulose. 
Tegmina reaching slightly beyond the apex of the abdomen; costal margin with a 
considerable proximal expansion, the distal third of the margin arcuate; apex 
rotundato-truncate; no intercalary vein present. Wings ample, width contained 
nearly twice in the length, apex blunt. Prostemal process transverse, strongly 
deflected caudad and distinctly broatler at the ax)ex than at the base, the apical 
margin with a slight median emargination; interspace between the mesostemal 
lobes subquadrate in proportions, subcuneiform in shape, the greatest width caudad; 
metasternal lobes subattingent. Abdomen considerably compressed; cerci about 
half again as long as the proximal width, sub-lanceolate, apex rather blunt and 
slightly decurved; siibgenital plate subconical when viewed caudad, the aj)ex 
narrow and very slightly divided. Cephalic and median 
limbs robust, femora, particularly the cephalic, inflated, 
cephalic femora moderately curved. Caudal femora about 
as long as the dorsal length of the abdomen, robust, the 
greatest width contained about three times in the length, 
dorsal Carina sparsely serrate, ventral carina considerably 
arcuate, pagina distinctly and regularly but not deeply 
sculptured; caudal tibia* about four-fifths the length of 
the femora, rather stout, sui)plied with eight strong spines 
on the lateral and nine on the internal margin.s, the apical * 
spine on the lateral margins being absent, internal spurs 
subequal. 

(leneral color broccoli brown, inclining .slightly toward greenish, ventral surface 
of the abdomen yellowish, eyes wax yellow ; wings hyaline except for a slight apical 
suffasion, j)rincipal veins in other than the radiate field browm; caudal femora with 
the lateral and dorsfil carina* touched at regular intervals with blackish, genicular 
region suffused with dark brown, several obscure transverse band.s are indicated on 
the internal face, the dark bars being blue black; caudal tibi® with a dark genicular 
region, blacki.sh on the inner face, a light pregenicular annulus is maize yellow' on 
the internal face and hardly appreciable on the external, remainder of the tibia 
washed with heliotrope purple, particularly on the dorsal and internal faces, spines 
and spurs dull yellow with the apical half blackish; caudal tarsi carmine. 


Measurements. 

Length of body . .22.5 mm. 

Length of pronotum . ...... 5.2 

(Ireatest caudal width of disk of pronotum . . . 3.1 ‘‘ 

Length of tegmen.16.2 “ 

Greatest width of tegmen . 

Length of caudal femur .13. “ 


A paratypic male has also been examined and in all structural characters 
it fully agrees with the type although slightly smaller. In color it is dis¬ 
tinctly darker, more olive than brown appearing in the general color, the 
disk of the pronotum, however, being rather ferrugineous and dark along 
the median carina, while the lighter color is continued on the anal field of 
the tegmina. 
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Exama rugosa ii. np. 

Type, probably female; ‘ Victoria, Australia. Edwards Coll., Aiuer. Mus, 
Nat. Hist. 

Allied to E. drspecta Jirancsik ^ from Yorketown. South Australia, but differing 
in the larger size, the sulcate ventral |)ortion of the frontal co^ta, the less depressed 
and more cristate pronotum and the longer tegmina, as well as details of the color¬ 
ation. 

Size medium; form moderately robust; surface rugose as well as punctate. 
Head well placed within the pronotum. short, deep; occiput strongly and irregu¬ 
larly rugose, the interspace l)etneen the eyes slightly more than halt the cephalo¬ 
caudal width of the eye; fastigium %\ith the greatest >\idth slightly greater than the 
length, the disk, however, with the dimensions siibequal and crudely hexagonal, 
the side at the junction with the frontal costa shorter than the others, open caudad. 
moderately excavate, a .''light longitudinal median depre.ssion being noticed a^' well 
as two pairs of low. .’'inall tubercles placed about in the center; lateral foveohe not 



I'ig. S. Exaniu runosn n sj». Lateral view oft\|>»\ ( v: 2.) 


marked, their usual situation being occupied by a number of low excrescences; 
frontal costa forming a slight angle with the face when viewed lat(*rad. the costa 
itself being narrow' dorsad, slightly expanding between the anteniue, from whence 
the width is subequal to the clyf)eal suture except for a slight coristrictiofi imme¬ 
diately ventrad of the ocellus, the section ventrad of the ocellus is distinctly sulcate, 
the dorsal section bears an irregular median carina due to the two i)arallel row.s of 
irregular punctures, fa.stigiuin .st*])arated from the frontal <*osta by a tran.sverse 
Carina slightly weaker and lower than the lateral carina* of the fastigium and costa; 
eyes subreniform, slightly prominent when view'ed from the dorsum, in length di.s- 
tinctly longer than the infra-ocular .sulcus; antenna* slightly shorter than the head 
and pronotum together, .slightly depressed, blunt. Pronotum slightly inflated, 
punctate, sparsely but distinctly rugose, the length slightly more than the greatest 
caudal width of disk; cephalic margin gently arcuate, caudal margin obtusc-angii- 
late, the angle blunt and the sides distinctly ernarginate, laterad the dissk rounds 
into the lateral lobes except on the metazona w here a shoulder is noticeable; median 
Carina cut by two transverse sulci, the metazona and prozona l>eing subequal in 
length, the two sections into which the carina of the prozona i.s divided each l>eing 
distinctly but not greatly elevated caudad, the metazonal iwrtion of the carina 
being quite lowq lateral lobes nearly equally as long as deep, tlie ventral margin 


* I'lie apex of the abdomen is mi.ssinsr. 

* Jahresb. Naturw’. Ver. Trenc. Comit., Trencs^n, XIX, p. 77, pi. iii, fig. 19. 
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obtuse-angiilate, the surface of the lobes with three well marked sulci; the prozonal 
disk with irregular rugosities, the metazona with few^ rugosities and these longi¬ 
tudinal, parallel and limited to the cephalic section of the metazona. Tegmina 
about three and two-thirds times the length of the pronoturn, apical section some¬ 
what narrowed and apex rounded oblique subtruncate; intercalary vein absent, 
the area being filled with irregularly disposed nervures. Wings ample, the greatest 
width contained about two and oiw'-fourth times in the length. Prosternal process 
erect, quite broad, blunt; interspace between the mesostemal lobes subquadrate, 
slightly narrower than the lobes; interspace between the metasternal lobes small, 
cuneifonn. C'ephalic limbs small and weak; median limbs slightly longer and 
more robust than the cephalic. Caudal femora nearly three-fourths the length of 
the tegmina, the gieatest width contained about three and one-half times in the 
length, of medium build, dor.sal carina distinctly serrate, pagina* well sculptured 
with ten to eleven chevrons; caudal tibia' slightly shorter than the femora, external 
margin with eight or nine spines, no apical one present, internal margin with ten 
Hi)ines, internal spurs moderately long, subequal. 

Ocmeral colors drab and Isabella color with an olive-greenish tendency on parts 
of the head and pronoturn, the two base colors mingled and scruinbled together, 
contrasting only on the tegmina; eyes clay color, antenna? clove brown. Tegmina 
with scattered small quadrate maculations of drab, thickest and not so sharply 
defined about in the middle of the tegmina. weak on the distal third, ahnost absent 
from the ^utural }x>rtion of the anal field Wings chrome yellow in the proximal half 
shading into drab distad, the coloration being almost entirely on the veins. Abdo¬ 
men with the segments strongly marked with clove brown on their proximo-lateral 
sections. Caiidal femora with their carina? regularly marked with clove brown, 
the pattern of the pagina* finely and closely dotted with the same, genicular arches 
drab, internal face with traces of three transverse bands dorsad, ventral portion 
and ventral suletis carmine; caudal tibia; eannine, rather purplish and blotched 
with buffy on the dorsal face, spines and spurs huffy with the tips black, tarsi mottled 
drab and wood brown. 

Measurements, 

Length of body (approximately). 27. nim. 


Length of pronoturn.5.5 “ 

Ixmgth of tegmen .21. 

Length of caudal fcimir .14.75 


The type \s unitjiie. 

Macrotona gracilis n. sp. 

Tyj)e, ? ; Victoria, Australia. Edwards Coll., Anier. Mus. Nat. Hist. 

Closely allied to M. Hneola Brancsik^ from Yorketovvn, South Australia, but 
differing in the slenderer body and narrower pronoturn, shorter antennae (consid¬ 
erably less than equal to the head and pronoturn in length) and in some details of 
the coloration of the pronoturn and caudal tibiae. 

Size medium; form rather slender, not noticeably compressed; surface smooth 
or very finely punctate. Head as long as the pronoturn, occiput slightly but dis- 


»Jahresb., Natiirw. Ver. Trenc. Comlt. Trenesfin, XVII. p. 256, 
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tinctly elevated above the disk of the pronotum, moderately arcuate and gently 
declivent to the apex of the fastigium. interspace between the eyes about two- 
thirds the width of one of the same; fastigium slightly produced, acute-angulate, 

apex blunt, broad and round¬ 
ed \ entrad into the face, mar¬ 
gins low and thick, disk very 
slightly excavate; outline of 
the face when viewed laterad 
strongly retreating; frontal 
costa regularly expanded 
ventrad from its junction 
with the fastigium, vhere it 
is nearly three times the 
width of the proximal an¬ 
tennal joint, the section ventrad of the ocellus without sharply defined margins, the 
whole not sulcate and with two rows of spar.sc‘ punctures dorsad of the ocellus; eyes 
acute ovoid, flattened cephalad, not prominent, in length about three times that of 
the infra-ocular sulcus; antennie as long as the head and half of the pronotum. 
depressed, apex blunt. Pronotum with the disk subetpial in width, slightly expand¬ 
ing on the metazoiia. the median width contained once and a half in the length, 
cephalic margin subtruncatc, caudal margin very slightly obtuse-aTigulate; median 
Carina distinct, moderately high, cut by the principal sulcus slightly caudad of the 
middle, the other sulci not severing the carina; lateral angles distinct but not cari¬ 
nate, slightly rounded on the motazona; lateral h)bes longer than deep, the caudal 
margin quite oldique and distinctly emarginate. ventral margin obtuse-angulate. 
Tegmina more than twice the length of the h€*ad and ])ro- 
notum and reaching to the ajx'x of the abdomen, narrow', 
the greatest width being contained nearly six times in the 
length, subequal, the ai)ex bluntly rounded; costal mar¬ 
gin with a verj’ slight proximal expansion; intercalarj^area 
occupied by an irregular, sinuate vein; mediastine and 
axillaiy veins strongly dcveloiK*d, the latter quite straight 
Wings long and rather narrow, the costal margin gently 
sigmoid. Prosternal process broad, strongly transverse, the 
apical width greater than the jiroximal, the apical margin and the cephalic side of 
the ajiex roundly emarginate, the whole .slightly depressed; interspace between the 
me.so.sternal lobes clcpsydral, narrow', the length greatly exceeding the width; meta- 
sternal lobes contiguous caudad. C’ephalic and median limbs slender. Caudal 
femora di.stinctly more than half the length of the body, well shaped, the proximal 
expansion contained slightly more than four times in the length, the pregeniciilar 
portion slender, the ventral outline less eurveil than the dorsal, carina* smooth, 
pagina* with the pattern distinctly but not deeply sculptured, distinctly chevron- 
shai>ed; caudal tibia* distinctly shorter than the femora, armed on the lateral mar¬ 
gins with eleven or twelve and on the internal margins w’ith tw'elve or thirteen 
spines, the lateral margins without apical spine; internal spurs subequal, strongly 
falcate. 

General colors buff-yellow and bistre. Head buff-yellow' ventrad, dorsad with a 
pair of chrome yellow' bars extending from the sides of the fastigium caudad, moder¬ 
ately diverging, very narrow' where they pass along the dorsal margin of the eyes 



FiK. 10 Mdrrofohti 
ffrottlix II sp 1)01 sal 
Mew of heml and inono- 
tum. ( X 2 ) 



Fimr. 9 M(UToto7i(i fjranltfi u .sp. Lateral view of type. 
(iX 2.) 


1907.] 


Rehn^ Australian Orthoptera. 


455 


and moderately broad caudad, the enclosed dark median section being margined 
laterad by velvety clove brown, the dark post-ocular bar moderately wide, broad¬ 
ening caudad and with a slight line of chrome yellow along its ventral border; eyes 
burnt umber; antennsc huffy proxiinad, bistre distad. Pronotum with the chrome 
yellow bars of the head continued along the lateral angles, subequal in width to the 
portions on the caudal sections of the head, slightly widened caudad, the dark 
median area bordered as on the head; lateral lobes with a broad bistre area dorsad, 
the cephalic margin for a considerable distance yellow as is the ventral section, thus 
limiting the cephalic marginal width of the brown to that of the postoetdar bar of 
the head with which it is continuous, ventral margin of the blotch slightly oblique, 
ventro-caudad in direction. Tegmina with the anal vein marked with a continua¬ 
tion of the chrome yellow bands, gnidually becoming obsolete, remainder of the 
tegmina with the venation and some indistinct blotches and clouds on the mem¬ 
brane bistre. Wings with the a})ex narrowly clouded with drab. Pleura with the 
bistre .and yellow division of the lateral 1o1h*s of the pronotum continued on them, 
a space in front of the articulation of the caudal limbs also bistre. Ventral surface 
and alidornen buff-yellow the latter with the faintest suggestion of orange-buff 
dorsad. Cephalic and median limbs buff-yellow, touched with clay color, the femora 
lined laterad more or less distinctly with bistre. Caudal femora buff-yellow with 
the dorsal half to two-thirds of the t)agina‘ clove brown, a pale pregenicular annulus 
not interrupted, the genicular regitm punctate and clouded with clove browm and 
bi'.tre, internal face with two clove brown rnaculations, one occupying the proximal 
half, elongate and only on the dorsal half, the other in the distal third and covering 
the whole internal fa(*e, <lorsal face with slight suffused indications of the internal 
rnaculations, ventral sulcus not marked with any dark color; caudal tibiie with the 
distal half flame scarlet, a broad pregenicular annulus pale buff-yellow’, the internal 
genicular section and the section between the flame scarlet and buff-yellow^ bistre, 
spines with half their length blacki.sh; caudal tarsi touched dorsad with flame 
scarlet 

Miasvremcnts. 


Length of body 
Lengtli of pronotum 
Length of tegmen 
licngth of caudal femur 


25.6 mm 
4.2 “ 
18. “ 
14.1 


Tlie type is tin* only .sjreciinen of the species seen by the author. 


TETTIG( )NI1XK. 

Acridopeza reticulata (lu{rln. Victoria. One female. 

Ephippithyta biramosa ii. sp. 

Ty{)e, c') Queensland. Australia Edwards Coll., Amer. Mus. Nat. Hist, 
closely allied to E. triijintidiw-guttaia Serville, but differing in the biramose me¬ 
dian vein of the tegmina, the foramina of the cephalic tibia* l)eing more elongate and 
the tegminal inaeulations distinctly smaller. Comparison has been made with 
Sydney specimens of E. tri^intiduo-guttata. 
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Size rather large; fonii as usual in the genus. Head with the occiput consid¬ 
erably inflated, globose; fastigiuiii of the vertex very narrow, sulcate, provided 
with a slight proximal inflation; facial fastigiuin rather short, not touching the 
fastigium of the vertex; eyes ovate, very prominent, infraocular region with a low 
carinfie; antennfc veiy’^ considerably exceeding the body in length, filiform. Pro- 
notum subsellate, the disk, however, flat; cephalic margin very slightly emarginate, 
caudal margin flattened arcuate, the disk much constricted on the prozona and 
strongly expanded on the inetazona where it is slightly concave; lateral lobes not 
separated from the disk by any sharply defined shoulder, the nearest approach to 
such being on the inetazona, tlie depth of the lolies distinctly greater than the dorsal 
length, ventral margin strongly arcuate. Tegmina elongate, lanceolate, the greatest 
width at a third the distance from the base, the same dimension being contained 
nearly five times in the length; costal margin gently arcuate in the proximal half, 
stniight thence nearly to the apex, sutural margin straight, apex narrowly rounded; 
costal field at no point more than two-thirds the width of the remainder of the 
tegmen, irregularly areolate; median vein diverging slightly proximad of the 
middle and bearing two rather closely ])laced rami which reach the sxitural margin. 
Wings very large, apex acute, costal margin slightly arcuate, ulnar vein with four 
rami in the distal two-thirds Cerci falcifonn, slightly depressed at the afwx and 
crossing one over the other. Prosternum without spines, mesostermim with acute 



Fig, U. Ephippithyia birumosa ii. .sp. Lateral size of typ»\ Natural size. 


trigonal lol)e.s, metasternal lobes sub-reefanguiate caudad. Cephalic femora about 
equal to the head and pronotum together in length, .slightly compressed, cephalic 
margin anned with six spines, caudal margin unarmed; cephalic tibia* very slightly 
longer than the femora, foramina elliptical on both faces, ventral margins well 
spined, the dorso-caiidal margin with four spines, the dorso-cephalic unanned. 
Median femora slightly longer than the greatest width of the tegmina, ventral 
margins somewhat lamellate, particularly distad, the cephalic anned with eight 
spines, genicular lobes both armed with a long spine; median tibia? slightly longer 
than the femora, compressed, considerably expanded in the proximal third, cephalo- 
dorsalo-cephalic margin with three and the dorso-caudad wdth .six spines. Caudal 
femora somewhat shorter than the body, slender, the ventral borders sublamellate 
and armed with spines, those distad being large, those proximad small, eighteen to 
twenty in number on the lateral and sixteen on the internal margin.s; caudal tibice 
distinctly but not greatly longer than the femora, quadrate in section, all the mar¬ 
gins spined, the dorsal ones with larger and more numerous spines than the ventral. 

General colors pale olive-green and saffron yellow. Head with the interocular 
region and the top of the occiput bistre, face and sides of head cream buff; eyes clay 
color; antenna? greenish proximad becoming cinnamon-rufous distad and mesad, 
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the whole with the articulations usually indicated by pale annuli. Pronotum 
with the disk washed with brown, the narrow clepsydral cephalic section bistre with 
a narrow wood brown median line, the metazonal section russet with clove brown 
lateral portions; lateral lobes satfron yellow. Tegmina pale olive-green, the distal 
half of the costal field and the region between the discoidal and median veins brick 
red; sutural margin narrowly lined with the same color which is also shared by the 
tympanal venation; the area immediately rnesad of the median vein decorated with 
six to nine small blotches of clove brown of variable size, several being as large as a 
millimeter and a half square while others are little more than points of color, sutural 
margin with six lilotches of the same color which are a rule slightly larger and more 
quadrate. Wings hyaline, the veins pale greenish, coriaceous apex of the anterior 
field gr(*eni.sh, the distal .section of the co.stal margin brick red. Abdomen greenish 
vent rati, vinaceous-rufous dorsad. Cephalic and median limbs dull saffron yellow% 
the genicular region of the femora and the caudal section of the genicular region of 
the tibiip clove brown, foramina and articulation of the tarsi of the same color. 
Caudal femora greenish-yellow, spines tipj)ed and genicular region edged with 
blacki.sh brown; tibiie the same color as the femora, suffused distad. 


Miasurements. 


Length of body 

. 32.5 mm. 

Length of pi (mot urn 

. 6.1 

Greatest caudal ^^idth of disk of pronotum 

. 5.1 “ 

Length of t(*gmen 

. 51. 

(treato.st caudal width of tegmen 

. 11.2 “ 

Createst width of the co.stal field 

. 4.8 “ 

Length of caudal femur 

. 30. “ 


The type is the only .specimen of the species examined. 

Osedicia olivacea Brunner. Xew South Wales One male. New’ Zea¬ 
land. One female. 

These sp(‘eimens have the tegmina narrower in width than twice the 
length of the pronotnm as de.seribed by Brunner. 

Elephantodeta farinosa Brunner. New South Wales. One female. 

Oonocephalus longiceps Bedienhacher. Queensland. One male. 

This sp(K-imen is somewhat larger than the original measurements 
given by Redtenbaeher, but the differences are not greater than those 
sometimes found in other species of the genus. 

Otyllacris major Brunner. Victoria. One female. 

This specimt‘n agrees fully with tlie description of the species except 
that the ovipositor is several millimeters shorter than the type measure¬ 
ment. 





56.53,841H(117:78.6) 

Article XX.-- NOTICE OF AN AMERICAN SPECIES OF THE 
GENUS HOPLOPARIA McCOY, FROM THE 
CRETACEOUS OF MONTANA. 

By R. P. Whitfield. 

Plate XXXVI. 

So far as I (*an loam, there has been no speeies of Hoploparia recog¬ 
nized in the American Cretaceous previous to this time. Prof. Bell in his 
Monograph of the Malacostracea, of the Green Sands of England, recog¬ 
nizes no less than six sj)ecies, uhich he says are remarkably distinct sj)ecifi- 
cally from each other; and this one from the Fort Pierre (or rather Fox 
Hills) strata of the Montana Cretaceous, is no less distinct from any of the 
others; it most nearly resembles II. .m.vbi/i McCoy, but has many important 
difierenees. 

The sp(‘ciinens of this American species were obtained during the sum¬ 
mer of 190b, by ]\Ir. Barnum Brown of the iMuseum, from concretions in 
limestone or shale, asso<*iated with many species of Fox Hills fossils, at a 
point rJo miles northwest of Miles City, Montana, about 150 feet below 
th(* l»asal sandston<‘ of the Laramie beds. The caudal plate here figured 
was obtained by Mr. Brown in 1905, on Musselshell River, at Flat Wil¬ 
low Creek, 25 miles north of Musselshell crossing, Mont., also in a small 
concretion, and of course all are from Cretaceous rock, referable to the 
Fort Pierre and Fox Hills groups. 

Hoploparia browni sp. nov. 

Plate XXXVI, Figs. 1-5 

Represented by two abdomens, one of which has the carapace entii-ely attached, 
except the rostral beak; and it also retains part of the middle member of the caudal 
plate. There is also a caudal plate nearly entire, and a second abdomen of smaller 
size, retaining much of the caudal jilate. 

Carapace subcylindrical. twice as long as wide and fully as high as wide; broadly 
siiboval in sections, length (on the larger specimen) about two inches (53 mm.); 
cervical suture very deep, extending but little more than half the depth of the cara¬ 
pace, situated about midway the length of the carapace on the dorsum, but cur\'- 
ing strongly forward to the lower end. preceded by a second less strongly marked 
fuiTow at about the di.stance of one cm., which is more direct in its trend down¬ 
ward toward the basal margin of the carapace, where it unites with the cervical ‘ 

^ It is possitile I have reversed the terms cervical and nuchal in relation to these sutures. 
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suture by a short horizontal depression. Carapace ornamented by short, sharp 
tubercles, or pustules, node-like, in rows or curves. Five longitudinal rows exist 
on the back of the front half of the carapace, or in front of the cervical suture, 
and three longitudinal rows, behind the suture on the dorsum, the outer of which 
curve downwards bordering the suture, becoming smaller and less compact on the 
sides of the carapace. Behind the cervdeal suture the pustules are smaller and 
scattered over the sides of the entire carapace; the pustules Imrdering the posterior 
margin of the cervical furrow on the back of the carapace are somewhat detached 
from the two curved lines of the sides and are stronger and closer than the others, 
and with the central line fonns a rather distinct hotter T. 

Abdominal segments armed by large lateral flaps of a paraboloid outline, each 
bearing a terminal node at the outer free end. A strong angular thickened knee or 
ridge exists at the bending on the side.s, where the flaps become free from the seg¬ 
ment, and along the crest of the segment there is a line of small postules, which are 
not always distinct. 

Anterior caudal plate rather large, wider than long, hexagonal in outline; the 
lateral margins being doubly truncate for the insertion of the intercalated plate 
for the attachment of the two lateral flaps of the caudal appendage on each side, 
which are longitudinally elongate-ovate and of rather large size projx)rtionally, 
making the caudal appendage appear large. Their large central plate is ornamented 
on the disc with spinose ridges and minutely pustulose. Central tenninal plate of 
caudal appendage longer than wide, elongate paraboloid in outline, rounded pos¬ 
teriorly, with three obscure spines on each margin; center of plate bearing four 
ridges, the outer two united above in a transverse boss; each of the ridges on the 
crest ivS more or less marked by small pustules or granules. The lateral parts of the 
caudal plate are each comj)oscd of the usual three elements on each side, the outer 
plate bearing two longitudinal ridges and the inner, only one. 

The left anterior claw of the larger specimen is j)artly preserved. The hand, or 
main joint, and the two joints next to it nearer the bcxly, are preserved but forw’ard 
of the hand or main joint, the imprint and only fragments remain. The fingers 
are excessively prolonged and slender, in fact the entire claw’ is veiy" slender; the 
movable finger is laterally compre.ssed and trans\x*rsely ridged, or ringed, and the 
imprint on the stone is preserved for over three inches in length, while the fixed one 
has been much shorter, and the nipj)ers quite .small and insignificant, the whole 
member apparently granulosc. In the other limbs only the first joint attached to 
the carapace is preserved; but parts of them are seen in the matrix; all arc slender 
and rather short. 

Of the six species recorded from the Cretaceous formation of Englantl, 
by Prof. Bell, four are from the Gault and the upper and lower Greensand, 
but it appears that the genus is not strictly confined to the Cretaceous beds, 
as a form essentially the same occurs in the London Clay. In America a^s 
yet no other species than the one here described has been noticed. 

Prof. Bell considers the genus as of strictly ^Marine origin, and as being 
closely allied to Homnru.s. In one feature this species differs from the com¬ 
mon American form of Ilomanis, namely in the strong knee-like ridges 
which mark the angle of the abdominal segments on each side, where the 
lateral flaps become free from the body, which are here very marked and 
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angularly thickened, while in most species of IlmnaruSy as well in most 
fluvial sj)ecies of AsiaciiSy this feature is very subdued. On one s|)ecies 
of Abacus {Camharu.s Immunis Hagen), which occurs at Lawn Ridge and 
Bellenllc in Illinois, at Hiintville, Ala., and at Beaufort, N. Oar., this feature 
is as strongly marked as on these rretaceoiis specimens. 

This American spe<*ie.s differs from II. saxhyi in some important features; 
most distinctly in the d<‘pth of th(‘ nuchal furrow, in the shorter carapace, 
and in being more ])ustulose. Also in the shorter abdominal segments, 
and in the form and size of the anterior plate of the caudal appendage. 

The large (*law of this spt‘ei(‘s can hardly serve for comparison with that 
figured by Prof. Bell (plate viii, fig. 2, PaUeontograj)hy. Soc. Pub., Malac- 
stracous (''rustacea of (ireat Britain), as there is some reason to think that 
the large claw on this sp(‘cimen has been lost during life a*nd partially repro¬ 
duced; as it is evid(*ntly much too small and insignificant to properly mate 
with the op|)osit(‘ finger on the .same arm, ex(*ept on that supposition. 



EXPLANATION OF PLATE XXXVL 


Iloploparia browni sp. nov. 

Fig. 1 and 2. Dorsal and profile views, natural size, of the larger and most per¬ 
fect specimen. 

Fig. 3. View of caudal plate, natural size, from Musselshell River, Flat Willow 
Creek, Mont. 

Fig. 4. View of the claw of the specimen, figs. 1 and 2, as it lies imbedded in the 
stone. This was originally a part of the same slab that contained the carapace 
figured but was broken from it in collecting. 

Fig. 5. View of the opposite .side of the hand, natural size. 

The caudal plate, restored in part in Fig. 1, is shown on the specimen only as a 
flattened surface without distinct form, and is reproduced from the corresponding 
plate represented in Fig. 3. 
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Article XXI.— NOTES ON A FEW NORTH AMERICAN 
CYNIPID.E, WITH DESCRIPTIONS OF 
NEW SPECIES. 

By William BeutenmDller. 

Plate XXXVII, Figs. 1-10. 

Andricus davisi .sp. nov. 

Male .— Head yellowish brown with a large round spot on the vertex; front 
nigose-striate; vertex and posterior portion minutely punctate. Antennie 14- 
jointed, yellowish brown. Thorax finely and evenly rugose at the sides, with the 
portion between the parapsidal grooves somewhat tran.sversely rugose posteriorly; 
black, subopaque, anterior portion of the side to the scutellum yellowish brown, 
underside black. Parapsidal grooves distinct, narrow, rather deep, and widely sep¬ 
arated at the scutellum; anterior pair of lines very fine, smooth and short; median 
groove from scutellum wanting. Pleura* finely nigoso-punctate. Scutellum black, 
very nigo.se. Abdomen shining black, with the underside dull yellowish brown or 
piceous. Leg.s yellowish brown with minute hairs. Wings hyaline with yellowish 
veins. 

Length 2-2.50 mm. 

Female .— Head yellowish brown with a large black patch on the face; vertex 
and posterior portion black; antenna* yellowish brown. The yellowish brown 
color extends to the side and narrowly around the eyes. Thorax black, with a 
rufous patch on the pleura* and sometimes at the sides anteriorly. Scutellum black. 
Abdomen shining black, somewhat rufo-piceous along the underside. Legs dull 
yellowish brown, somewhat iiifuscated, especially the hind femora and tibiae which 
are very piceous. Otherwise like the male. 

Length 2.50-3.25 mm. 

Gall (Plate XXXVII, figs. 1-6).— Polythalamous. Brown, sometimes speckled 
with pale brown. Smooth or somewhat roughened. Globular, irregularly rounded or 
somewhat elongate. They are single or in clusters, or a number of them coalesce 
forming a large knot-like mass. They are very hard, solid and woody, and contain 
many lar\’al cells. The individual gall measures from 4 to 15 mm. in diameter, 
and the knot-like mass measures about 40 mm. in width. 

Habiiat .— Lakehurst, New* Jersey. September. 

Types. Colls. Am. Mus. Hat. Hi.st. and W. T. Davis. 

The gall occurs singly or in clusters of from two to about twenty indi¬ 
viduals around the twigs and branches of scrub oak {Qmrcm nano). They 
sometimes coalesce and form a large knot-like mass, not unlike Andrkus 
cornigerus, but without the hom-like projections which characterize the 
latter. The galls reach maturity late in September and the flies emerge 
the following spring. The flies are very distinct and may be known by 
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the very rough, transversely rugose thorax and the ahsenct' of the median 
groove at the seiitelluni. 

The flies were described from numerous specimens bred by Mr. Wil¬ 
liam T. Davis and myself. 

1 take pleasure in naming the species after Mr. Davis, who first called 
my attention to this distinct species of gall .and gall-fly. 

Andricus wheeleri sp. nov. 

Female.- - Head riifou^, coarsely rugoso-punctate; eyes hlack or partly rufous; 
antennte very long. 14-joiu(cd, rufous. Thorax rufous, very coarsely rugose. The 
pair of lines on the middle, from the collar, are moderately long, .smooth and diver¬ 
gent at the ends. Parapsidal grooves rather deej), distinct but not prominent, parallel 
but converging as they api)roach the scutellum \\here they are widely separated. 
Median groove from the .scutellum wanting. Outside the parapsidal groove^ is an 
abbreviated smooth line extending forward to about the middle. 8cutelhmi very 
rugose. Pleune finely rugose, with a |x»li.shed area beneath the wing. Abdomen 
rufous, shining. Legs rufou*-, with the hind tibiie infuscated Wings hyaline; 
veins brown. 

Length 2.50-3 50 mm 

Gall (Plate XXXN'll, Figs 7-9).— Polythalanious. Prown with a grayish 
tint, hard and woody. Irregularly rounded or elongate, somewhat i)otato-shaped 
Measures from about 14 to 20 mm in width and from 15 to 30 mm. in hmgth 

Habitat .— Coconino Forest, rim of the (Jrand ('atlon, Arizona; altitude T.tMM) 
feet. (William M. Wheeler). 

Tyf3es. Coll. Am Mus. Nat. Hist. 

The galls of this specie.s occur around the smaller twigs of an unknown 
species of scrub oak, Tlaw somewhat resemble Andrirus meduJhv and 
hatatoides Ashmead, but the fly is different. The flies may l>e di.stinguished 
by the divergent anterior lines, ab.sence of the median groove from tlie 
scutellum, and rufous color. It is allied to Andricus mrdullce Ashmead. 

Andricus coronus sp. nov. 

Female .— Head not Ijroader than the thorax, yellowi.sh brown, finely and evenly 
rugose. F]ye.s and ocelli black. Antenme 14-j(>inted, yellowish brown. Thorax 
prominently rounded on top, yellowish brow n, evenly and finely rugo.se. The pair 
of anterior grooves from the collar fine and narrow, extending to about the middle 
of the thorax. Median groove from the scutellum extending well forw^ard to nearly 
the collar. Parapsidal grooves fine and narrow to the middle, thence gradually becom¬ 
ing broader as thej'^ approach the scutellum; subparallel and rather widely sepa¬ 
rated from the median groove at the scutellum. Scutellum nigose, with two distinct, 
large, shining fovesp at the ba.se separated by a narrow ridge. Pleurie rugose without 
shining are®. Abdomen almost globose, yellowish brown. Leg.s yellowish browm, 
with the claws black. Wings hyaline with honey-yellow^ veins. 

Length 2.50-3 mm. 
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Gall (Plate XXXVII, Fig. 10).— Monothalamous. Pale green; soft when fresh, 
hard and pithy when dry. Rounded, somewhat crown-shaped, with prominent 
ridges at the side from the base, mcjeting at the apex; base pointed. Thick walled, 
with a large round larval cell in the center. 

Length 8-12 mrn.; width 6-12 mm. 

Halntat. — Bronx Park, New York City, May 18, 1905; Atlanta, Georgia (R. I. 
Smith); Mississippi. 

Types. Coll. Am. Mus. Nat. Hist. 

The gall may be found in New York, in clusters on the small terminal 
twigs of pin oak (Quercus palustris) during the middle of May, and in 
(leorgia on water oak (Querens aquatim) during March. When mature, 
they dro}) to the ground or will readily break off when touched. The 
imago becomes fully developed in the gall by October, but does not 
emerge until tlu‘ folk)wing spring. The fly may be known by its yel¬ 
lowish brown color, black eyes and ocelli, and by the lines on the thorax, 
especially the j)ara[)sidal grooves which widen as they approach the scutel- 
luin. The gall-fly was described from five females. 

Andricus coxii Bassett. 

Cynips C(kx\i Ba.ssktp, Cun. F.nt., Vol. XIII, 1881, p. 112. 

Andricus coxii A8HMi:.\I), Trans Am, Ent. Soc. Vol. XII, 1885, p. 295; ibid., 
Vol. XIV, lvS87, p. 132; D.vlla Tokku and Kieffp:r, Gen. Insect. Hymenop 
Cynip., 1902, p. 62. 

Andricm coxi B^ssF.rr. Trans. Am. Ent. Soc., Vol. XXVT, 1900, p. 320. 

Andricus basstihanus Dalla Tokrk and Kieffkr, Gen. Insect. Hymenop. 
Cynip., HK)2.p. 61. . 

This specie's was described as Cynips coxii by the late Homer F. Bassett 
and was subvsequently placeil in the genus Andricus by Dr. William II. 
Ashmead. Bassett some years later redescribed, as new, his Cynips coxii 
under the name Andricus coxi. evidently having forgotten that he had al¬ 
ready published the description of his species. Dalla T\>rre and Kieffer, 
not knowing that both of Bassett’s names applied to one and the same 
species, changed the name of the one <lescribed last by Bassett to Andricus 
hassettinnus. The synonymy of the species will therefore have to stand as 
given in the above references. 

Holcaspis pemiciosus Bassett, 

Holcaspis jxrnicwsus Basseit, Trans. Am. Ent. Soc., Vol. XMI, 1890, p. 68. 

Holcaspis montkola Gillette, Ent. News, Vol. IV, 1893, p. 30. 

Two female types and several galls of Ilohaspis monticola Gillette 
were kindlv given to me by Dr. C. P. Gillette, and they are identical with 
Holcaspis pemiciosus Bassett, there being no differences whatever. 

{June, 1907.'I 
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Acraspis macrocarpsB Bassett 

Acrasjyis macrocarpce Bassett, Trans. Am. Ent. Soc., Vol. XVII, 1890, p. 84. 

Acraspis undulata Gillette, Ent. News, Vol. IV, 1893, p. 28. 

Two type specimens of the gall-flies and several galls of Acraspis i^n- 
dulata were kindly given to me by Dr. C. P. Gillette. Although Dr. Gil¬ 
lette points out some differences between the flies of A. undulata and A, 
macrocarpw, I fail to see any differences whatever betAveen the two species. 
The galls of A . undulata are also identical with those of A . macrocarpw. 
The galls of A. undulata occur on the undersides of the leaves of Qucrcns 
undulata^ and those of A, macrocarpw on Quercus macrocarpa, 

Dxyophanta ebumeus Bassett, 

Dryophanta ehum<eus Bassett, Trans. Am. Ent. Soc., Vol. XVII. 1890. p. 70. 

Dryophanta glabra CJillette, Can. Ent., Vol. XXVI, 1894, p. 237. 

Two gall-flies and several galls of Dryophanta glabra Gillette were 
given to me by Dr. C. P. Gillette and they are identical Avith Dryophanta 
ehurneus Bassett. 


OalUrh3rte8 tnberosa Bassett, 

Andricus {Callirhytis) (uhcrosa Bassett, Trans. Am. Ent. Soc., Vol. XXVI, 1900, 
p. 311. 

A number of galls of this species AA’ere sent to me by Miss .\nnettc F. 
Braun from Cincinnati, Ohio, collected on the shingle oak {Quercus imhri- 
caria), Bassett describe<i it from Waterbury, Connecticut, Avhere it was 
found on the scrub oak (Quercus nano), 

Neurotems laurifolis Ashmead, 

Neuroterus laurifolias Ashmead, Trans. Am. Ent. Soc., Vol. XIV, 18S7, pp. 128, 

140. 

Specimens of the galls of this species were collected by Dr. Mel. T. 
Cook in Illinois on the leaves of the shingle oak {Quercus imhrwarid) and by 
Miss Annette F. Braun at Cincinnati, Ohio, on the same kind of tree. 
Heretofore it was known from Florida, on the laurel oak {Quercus laurifolia). 


EXPLANATION OF PLATE XXXVII. 


Figs. 1-6.— Andricus davisi sp. nov. 
Figs. 7-9.— Andricus wheeleri sp. noA'. 
Fig. 10.— Andricus coronus sp. nov. 
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ArtMi XXn.— THE BiEOLOPHUS BICOLOR-^ATRICRISTATUS 

GROUP. 

By J. a. Allen. 

Instances of hybridization among birds, in a state of nature, are of 
well known occurrence, not only between closely allied or congeneric species, 
but between species remotely related, as between birds of different genera, 
notably among grouse and ducks. ''Phere are also many recorded instances 
of such mesalliance between different genera of song birds, as finches, 
warblers, swallows, etc. Such cases, however, are in the main sporadic, 
and are not commonly looked upon as of any great biologic importance. 
Under artificial conditions, as with birds confined in ariaries, or through 
man’s interference, crosses between not only allied species, but even between 
species of widely different genera, may be obtained. 

Hybridization in a state of nature, and habitually over large areas where 
the breeding ranges of the hybridizing species adjoin or overlap, has been 
satisfactorily demonstrated in comparatively few instances — perhaps in 
only two or three* among North American birds. One is the well-known 
instance of the two North American .si>eeies of Colaptes, which interbreed 
along the whole line of junction of their breeding areas, from Texas to the 
Saskatchewan.^ The second is the almost equally famous cose of two 
species of Helminthophila, II. phtwi and H, chrysopteraj which freely 
interbreed in northeni Newv Jersey, southeastern New^ York, and southern 
Connecticut, and probably also westward where their breeding ranges 
overlap. The third is the tentative instance of the Purple Crackle and 
Bronzed Grackle,— Quiscalus quwcula and Q. (pneiiSy — investigated by 
Mr. Chapman in 1892/ and re(*ently n*exainined by ISIr. Ridgw^ay.* The 
suggt*stion WHS made by Mr. Chapman that Q. (pnrus and Q. aglalus are 
distinct species, and that quiscula is the mixed product of the two through 
interbreeding. Mr. Ridgway favors the same h^q>othesis, agreeing fully 
with the view^ set forth by Mr. Chapman. 

When intergradation betw^een prerioiisly supposed “good species” began 
to force itself upon the attention of ornithologists, through the accumulation 


* Cf. Allen, The Nortli American Species of the Genus ColapUs, considered with special 
Beference to the llelationships of C. auratus and C. cafer. Bull. Am. Mus. Nat. Hist., Vol. IV, 
1802, pp. 21-44, with map. 

* A Preliminary Study of the Crackles of the aubgenus Quiscalug. Bull. Am. Mus. Nat. 
Hiat., XVfpp. 1-20, with map. 

' of North and Middle America, Part IT, 1902, pp. 214, 215. 
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of material from many new localities, twenty to thirty years afi;o and hence 
before geographical variation had become well known, a favorite method 
of disposing of intergrades was to consider them as merely hybrids/' As 
Chapman has said: ‘‘To call an intermediate a ‘hybrid’ is an easy way of 
answering what may be a difficult question. But unless the hybrid!asation 
has been proven, it is a reply which gives no information whatever, and 
proves a stumbling-block to more thorough investigation.” “It seems to 
me, however,” he continues, “that given sufficient data on which to base 
any theory of the relationships of two intergrading forms,... .we should 
not be in doubt as to Avhether they are connected through the action of 
purely environmental causes or by the more direct action of hybridization. 
The nature of their intermediate characters, the fact that these characters 
do not corndate with environmental influences, the presencr of both species 
in the area occupied by their intergrades, all should funiish evidence which 
will enable us to distinguish between hybrids and geographical iiiterim^- 
diates.” ^ 

Indeed, the fashion, so prevalent twenty years ago, of considering ‘inter¬ 
grades’ as ‘hybrids’ between different ‘species’ rather than as conne(‘ting 
links between geographic phases of one and the same spc(*ies, has practically 
become a feature of the })ast history of ornithology. Yet, as noted above, 
there are cases of intergradation that do not conform to any known condi¬ 
tions or methods of geograpliic intergradation, but do conform to known 
conditions and results of hvt)ridization. 

An assumed fourth case of intergradation through hybridization is 
furnished by the two forms of Ci’ested Titmouse irdiabiting central and 
southern Texas. One is the common Tufted Titmouse, Bwohphus birohr, 
of the eastern United States, which ranges from the Atlantic coa.st to tlie 
Great Plains; the other is the BIack-crc»sted Titmouse, lUvohphus atri^ 
cristatvs, of eastern Mexico, which ranges from the higlilands of Vera Cruz 
northward to central Texas. The brt'eding ranges of the two forms adjoin, 
or overlap, over a considerable area in southern and central Texas, where 
occur intermediates of rathc'r peculiar and inconstant characters. These 
intermediates were first made known in 1887 by the late George B. Sennett, 
from specimens collected along the Aransas River in Bee County. On six 
specimens collected by Mr. J M. Priour, April 4, 7, and 9, 1880, he ba.sed 
(Auk, IV, 1887, pp. 28, 29) his two subspecies, Par us atricrisiatus castanei- 
frons and Parus hicolor frxensls^ referring four of the specimens to the former 
and two to the latter, after comparison with a large series of true atricris- 
tatus on the one hand and true hicolor on the other. These birds all have 


J Bull. Am. Mils. Nat. Hist., IV, 1902, p. 18. 
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the frontlet or forehead more or less chestnut instead of black as in bwolor, 
or white as in atricristatus. In *castaneifrons* the crest is blackish, but 
not as deep black as in atrieriatatus', in the male type of texensis the crest is 
distinctly darker than in bkolor, strongly tending to blackish; in the female 
type of texensis the darkening of the crown is scarcely perceptible. In two 
(the males) of the four specimens referred to castaneijrom the forehead is 
dull rufous-chestnut; in the other two (the females) it is white suffused with 
pale buff or cream-color; in the two texensu specimens the forehead is dull 
<*hestnut in both. In general size, in the size of the bill, and in general 
coloration, there is nothing to distinguish either subspecies from bicolor 
on the one hand or atrirriMatus on the other, the differences being confined 
to the forehead and crest. 

Mr. Ridgway, in his ‘Birds of North and Middle America’ (part III, 
1904, p. 3S()), treats both these forms as “hybrids,” saying; “Any pro- 
nounc*ed rusty tinge to the color of the forehead indicates, in the writer’s 
opinion, admixture of 7i. h'wohr blood. This reaches its extreme develop¬ 
ment in individuals corresponding to Parus airieristainj< castaneijrons 
Sennett and P. hicohr texrnau Sennett, the former comprising those with a 
black crown and crest and deep rusty or chestnut fort'head, the latter those 
with a gray crown and crest and rusty or chestnut forehead. That these 
arc* all merely hybrids between B. atrieriMatm sennefti and B. bicolor is 
almost certain from the fact that they occur together in the same localities 
along with the two In’j^othetical pan*nt species; furthermore, the National 
Museum collection contains two pairs shot at San Antonio, by Mr. H. P. 
.\ttwater, the males of ^^hich are typical B. a. scmictti and the females B, 
h, fcxrthsisP 

Whatever may be the origin of these intergrades between B, bicolor and 
B. airier iMatuJ<y it is evident that Mr. Senne^tt’s subspecies castaneijrone 
and tcxcaais are but individual phases or degrees or stages of one and the 
same thing. 

In order to iindc*rstand the interrelationships of B, bicolor and B, atri- 
criaiatus the two forms may be first considered fn)m the standpoint of the 
geographic variation exhibited by each form. 


Gkographic Vari.\tion. 

General Coloration, — In general coloration B, bicolor and B. airierhtain^ 
are essentially similar, both being gray above, varying in the breeding 
season from slaty gray in bicolor to olive gray in atricruiUitn^; both are 
brownish gray in immature plumage, but bicolor is the more strongly so. 
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The gray tends more to slaty gray in bicolor and to greenish gray in atri- 
cristatus. But hicolor has generally a brownish olivaceous shade on the 
back in fre>sh adult plumage, instead of the greenish olivaceous shade present 
in the fresh adult plumage of atricrutaius. This soon fades out in both, so 
that breeding specimens of the two forms are often indistinguishable in the 
color of the back. Both fonns are also similar in color below, being dull 
white with the sides and flanks cinnamon-rufous, which tint varies greatly 
in intensity in different individuals of the same form. 

The two marked features of differentiation are (1) the color of the fore¬ 
head, and (2) the color of the crown and crest feathers. 

Forehead. — In B. bicolor the color of the forehead varies from deep pure 
black to dull black bordered or suffused with rusty brown; in B. airieristatuif 
it varies from clear white to cix*ainy or buffy white. 

Croum and Crest .— Jn B. hicolor the crown and crest are gray, of a little 
deeper and darker tint than the back; in B. atricristaius the crown and 
crest are black, in abrupt contrast with the back. The difference in these 
two features is radical — not of degree but of contrast. Also the crest i.s. 
generally fuller and longer in airicristatus than in hicolor. 

Individual Variation in Color of the Forehead. — In B. hicolor the color 
of the forehead is subject to a wide range of individual variation throughout 
the range of the species, birds with the fortdiead pure deep black occurring 
everywhere with birds in which the fon'head is * sooty ’ black or rusty brt)wn- 
ish black. The rusty tint may he limited to the edges of the black ar<*a 
and barely perceptible, or it may form a cons})iciious outer border, or the 
whole forehead may be distinctly or even strongly rusty Ixmeath the surface 
of the feathers. In such cases the lores are frecpiently huffy white. 

In the Atlantic States and westward to the Mississippi Valley the varia¬ 
tion in the color of the forehea<l seems to Ix' partly individual and partly 
sexual, and not to any apf)reciable degree geographical, sp('cimens with the 
black frontlet suffused with rusty being not more frequent in the Carolinas 
and Florida than in New »J(‘rsey or Ohio. In eastern Kansjis and Tx;)uisiana 
the few specimens at hand all show brown in the frontlet, while in Texas. 
(Brasoria, Matagorda, Bexar, Lee, Victoria, and Uvalde Counties) .speci¬ 
mens without more or less brown in the black of the forehead are exceptional,, 
and the amount of brown suffusing the black is generally mucli greater than 
in even the most extreme examples from the Atlantic States. 

In B. airicristatus, from the Valley of the Ix)wer Rio (irande southward,, 
the forehead is generally clear \vhite, varying, however, through creamy 
white to cream-buff. The type locality of the species is the Ix)wer Rio- 
Grande Valley, soniewhen- between Brownsville and Rio Grande City, 
Texas. In a series of 25 specimens from .southern Cameron County, Texas 



1907.] 


Allenj The Bceolophus bicolor-cUricrutatm Group. 


471 


(hence practically topotypes), about two-thirds have the forehead clear white; 
in the others it has distinctly a creamy suffusion, which in some specimens 
is conspicuously strong casianeifrom* Sennett). The white frontlet also 
varies in width, through the posterior feathers being often tipped minutely 
with black, and in a few there is an extrt^mely narrow median line of black 
running forward from the black of the crown to the base of the culmen. 
Some 50 specimens or more from Nuevo Leon and Tamaulipas are exactly 
similar to Brownsville spe^*iraens as regards the forehead. In a series of 
40 specimens from Hidalgo County (Hidalgo and I.«omita Ranch on the 
Rio Grande), fifty miles above Brownsville, more than one-third have the 
white fondjead more or less tinged with a creamy suffusion, often strongly so, 
and about one-fourth have black tips to a portion of the frontal feathers, 
or a fine black median line, or both. At j>oints further north and west, as 
in liive flak, Frio, and Concho Counties, the buffy suffusion increases in 
strt'iigth and fre<pieney, and the black of the crest becomes paler and more 
restrieteil (typical ' caManeifronJt'). In a series of 14 specimens from Frio 
River (e\a(‘t point not known but probably Uvalde Co.), one only has the 
forehead white; in the others it ranges from a pale creamy tint to ochraceoas, 
with a rediK'cd amount of black on the cn\st feathers. In the Bed County 
series all of the adults have the forehead more or less suffused, varying from 
l)uff to rnsty-cljestnut. (This series furnished the tyj)cs of both castanet- 
fron.s and fr.re/t.'f/.v of Senm'tt!). The black on the crown varies from dusky 
brown to ni'arly the normal amount of black in airivriMaius, 

Six sptH’iinens from 'Fravis County all have the frontlet chestnut; in 
two the en‘st is black, in the others tin* cn‘st is gray like the back, or mixed 
gray and black. In another sp<*eimen (“Brownsville,^' but locality unques¬ 
tionably ern)neous) the forehead is deep chestnut, divided mesially by a 
strong bla<‘k line; the crest is gray. 

(\)lor oj Crown and Crest .— In B. hicolor the crown and crest, as alrt‘ady 
said, are dark gray, distinctly darker than the back, but rarely showing any 
tendency to bla<‘kish; exee}>tional specimens show dark shaft-streaks, more 
frequently present in southern than in northern examples. A specimen 
from Hollis Hill, Florida, has each feather of the crest hroadhf centered with 
blaekuh. In s{>ecimens of B. afrierhiatm from Mexico and the Lower Rio 
Grande Valiev the en*st feathers an* longer and the black is more intense 
and shining than in s}x*cimens from further northward in Texas, where the 
black becomes mon* restricted in area and less intense, and the crest feathers 
are relatively shorter. Also the whitish forehead becomes more strongly 
suffused with buff, markedly so in about 25 per cent, of the specimens 
examined. 

Size ,— In both B. hicolor and B. atricristatm there is a marked decrease 
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in size from the north southward, as in most other birds of northern origin. 
As in numbers of other birds of similar range, there is in B, bicolor relatively 
a slight increase in the length of the bill in southern birds as compared with 
northern birds. While Florida birds have tiie wing and tail each 5 to 7 mm. 
shorter than New Jersey birds, the eulinen is fully as long or slightly longer 
than in the larger northern birds. B, hicohr appears to reach its maximum 
size in eastern Kansas (Fort Ix^avenworth, ("ouncil Grove, etc.), and an 
eastern Kansas race was long since provisionally named Parus mlssmiriensis 
by Baird. The small Florida fonn has also been separated by Bangs as a 
subspecies florulatnis, chiefly on the ground of its smaller size and relatively 
larger bill. 

B, atricrisiaius reaches its maximum size in the northern part of its range, 
in southwestern central Texas, where it completely intergrades in size with 
B, hicohr. Although B. birolor is much larger in the average than B, 
atrkristatus, Texas and Florida sjiecimens of hicohr aiv quite as small as 
the northern representatives of B. atrUrhtatus, 

As shown in tlie tables of measurements given below, in B, hicohr from 
northern New Jersey and Pennsylvania, the wing averages in 10 males 
about 82 mm. (7S~S5), and the tail about 74 mm. (73-80) in length, while 
in 16 males from northern Florida the corresponding measurements arc?: 
wing, 76 (71-78); tail, 67 ((>5-72). The average of 5 males from eastern 
Kansas is: wing, 83, tail, 75; of 8 males from San Antonio, Texas, wing, 
80, tail, 74; 6 males from I/*e County, l^'exas, average slightly smaller. 
In the females the corresponding measurements are about 3 to 5 mm. less 
for each locality. 

In B. atricrisiaius (srnnetti Hidgw. = castaneijrons Senn.) males from 
Concho, Jeff Davis (Foil Da\ is), Ix'on, Bexar, Uvalde, and Nueces Counties 
range in average length of viiig from 7j).5-77 (74”-8()), averaging slightly 
larger than hicoior from various central and eastern Texas localities, but 
with the maximum in individual s|>ecimens far overlapping the minimum 
in hicohr. In true fitricristatus from the Lower Rio Gramle Valley in 
Texas and the adjoining bordt'r of Mexico the average length of wing falls 
to 71-71.6, or about 5 mm. b<‘low the average in the northern form of airk 
cristatus. In central Tanuiulipas and central Nuevo Leon, there is a further 
slight decrease of 1-2 mm. in the average wing length (65-69, 15 males). 

In specimens of mixed cliaracter, from Bee, Live Oak and Bexar Coun¬ 
ties, the average is very close to thc! average of atricrisiaius senneiii. The 
length of the wing and tail at different localities is summarized in the sub¬ 
joined tables, comprising 110 sp(‘c*imens of the foniier and 162 of the latter.* 


way’ 


'The measurements of spocinn*jis from the localities enclosed in brackets are from Kldff- 
*8 ‘Birds of North and Middle Ameiica,* Part 1, 1901, pp. 382 and 386. 
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Mearuub^ments op Bcmhphm hicolor and B. atricristatus. 


BflDolophus bicolor. 


Males, eastern localities. 


No. of 



specimens. Winp. 

Tail. 

Morristown, N. J. 

H 

82 (78-85) 

74.9 (73-80) 

Beaver Co., Pa. 

4 

82 3 (81-83) 

74 3 (74-75) 

<’ircleville, Ohio 

2 

78 (75-81) 

73 (72-74.5) 

S. III. and S. Ind. 

8 

80 (77-82) 

74 3 (71-77) 

Washington, 1) C. 

8 

79 3 (77-80 5) 

74 (71-78) 

Mitchell Co., N. C. 

2 

80 (79-81) 

75 (72-81) 

Froginore, 8. C. 

1 

80 

73 5 

< Jainesville, Fla. 

3 

74 (73-76) 

69 3 (67-71) 

Rosewood, Fla. 

1 

78 5 

72 

Fort Myers, Fla. 

2 

72 (71-73) 

65 (65-65) 

[Florida ] 

10 

77 6 

66 4 

Clinton, La. 

2 

75 5 (75-76) 

71 5 (71-72) 

[Louisiana, Mis-sissippi, and Alabama. 4 

79 3 

68 2 


Males, western localities. 


Council drove, Kan. 

2 

84 3 (84-84.5) 

76 (74-78) 

[Kastern Kansas.] 

3 

82 5 

73 3 

Lee County, Texas. 

6 

79 3 (77-81) 

71 3 (68-74) 

San Antonio. Texas. 

8 

SO (77-82) 

74 3 (71-77) 

Matagorda C'o., Texas. 

1 

78 

70 


Females, eastern localities. 


Morristown, N. .1. 

2 

77 (75-80^ 

72.5 (72-73) 

Circleville, Ohio. 

4 

78 (73-80) 

68 5 (67-79) 

Wheatland. Ind. 

3 

76 3 (75-77) 

69 (68-70) 

Washington, !>.(’. 

5 

76 (75-78) 

71 (71-72) 

Simuiierville. S C. 

1 

79 

72 

Kershaw’ Co., S. ('. 

4 

76 (74-77) 

69 5 (68-71) 

Froginore. S. C. 

1 

75 

68 

Augusta, da. 

4 

74 7 (72«76) 

69.3 (69-72) 

< Jaine.sville, Fla. 

3 

74 (73-76) 

69.3 (67-71) 

Rosewood, Fla. 

4 

75 4 (74-78) 

69 8 (65-76) 

[Florida.] 

8 

76 4 

67 9 

[Louisiana.] 

1 

75 

65 


Females, western localities. 


[Eastern Kansas.] 

1 

82 

70 

Lee Co., Tex. 

4 

75 (74-77) 

66.5 (65-71) 

San Antonio, Texas. 

3 

74 

66.3 (64-72) 
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Bseolophus atricristatus. 


Males. 


[Central Texas.’] 

10 

77.1 (75-79.5) 

66.9 (64.5-68,5) 

Bexar Co., Tex. 

3 

74 (72-75) 

68 (67-69) 

Concho Co., Tex. 

2 

76 5 (75.5-77.5) 

70 3 (69.5-73) 

Travis Co. (Austin), Tex. 

4 

75.5 (73-78) 

70 (68-72) 

Jeff Davis Co. (Fort Davis), Tex. 

3 

77 (70-75) 

69 (67-71) 

Uvalde Co., Tex.^ 

8 

76.3 (74-80) 

70.4 (68-73) 

Bee Co., Tex.^ 

10 

76.5 (73-78) 

69.7 (65.5-71.5) 

Nueces Co., Tex.^ 

8 

76 (74-77) 

71.8 (69-74) 

Kinney Co. (Fort Clark), Tex. 

3 

74 3 (73-76) 

67 7 (65 5-71) 

Webb Co, (Laredo), Tex. 

5 

74 (70-75) 

69 (66-72) 

Hidalgo Co. (Hidalgo and Loniita), 
Tex.® 

14 

70 (67-72) 

65 (61-72) 

Cameron, Co. (Brownsville and 
vicinity), Tex. 

10 

71 6 (68-76) 

65 3 (61-68) 

[Brownsville, Tex.] 

9 

70.8 

61 9 

Northern Nuevo Leon 

5 

71.4 (70-73) 

66 2 (65-67.5) 

Central Nuevo Leon 

6 

70 8 (68-73) 

66 5 (63-69) 

Central Tarnaulipas 

6 

71 5 (65-75) 

65 7 (60-70) 

[Tamaulipas to Vera Cruz.] 

5 

69 5 

58 3 

[Central Texa.s.] 

Females. 

9 72 7 (70-76) 

64 5 (61 69) 

Bexar Co. Tex. 

3 

71 (70-73) 

66 3 (66-67) 

Concho Co., Tex. 

2 

75 4 (74 5-77) 

69 (66-72) 

Travis Co. (Austin), Tex. 

1 

72 8 

66 

Uvalde Co., Tex. 

6 

73 8 (68-74 5) 

67 (65 69) 

Bee Co., Tex. 

0 

75 (74-7S) 

66 5 (62-69) 

Kinney Co. (Fort Clark), Tex. 

3 

71 .3 (70-72) 

66 (65-67) 

Webb Co (Laredo), Tex. 

.5 

70 5 (69-73) 

65 8 (63 5-67.5) 

Hidalgo Co., Tex. 

o 

65 4 (63 -67) 

63 (62-64) 

Cameron Co., Tex. 

6 

68 (06-72) 

63 4 (60-70) 

[BrowiLsville, Tex. 

4 

70.8 

61 9 

Central Nuevo Leon. 

6 

68 (66-70) 

64 3 (62-67) 

[San Luis Potosi ] 

1 

65 5 

55 5 


Summary a\d Conclusions. 


In geographic variation the differcnc(\s that cliaraeterize <*onspecific 
subspecies are differences of degree, affecting size or color, asually both. 
In the two or three thorouglily known cases of liybridity in wild North 
American birds, the diflereiues (except in tlie matter of size), betw'een the 


1 BcBolophus atricri/itdius sennHti Kul^way. 

^ Parus airieriatatuH casfarmjronfs Sennett. 

^Parus alrieriitUitm caatancifrons .Sennett, and Parus bieolor lexensis Seiinett, about an 
equal number of eacfi. 

* Labelled P. a. casinneifrotm by Sennett. 

s All labelled Pants atricapillus by Bennett, as are also all Cameron County specimens. 
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hybridizing species are radical, both in the pattern of markings and the 
color, as in the two hybridizing Flickers (Colaptea) and the two hybridizing 
Warblers (Ilelminthophila chrysoptera and H. pinus); in the case of the 
Crackles (Quiscalus) the conditions as to coloration are somewhat different 
there being a less striking difference in pattern and color. In the two spe¬ 
cies of Bwohphus there is again a radical difference in pattern, one having^ 
a black crest and a whitish frontal band, and the other a gray crest and a 
black frontal band. 

These two species meet in Texas: on the coast, at the mouth of the 
Nueces Iliver; in the interior along the 98th meridian, from the Nueces 
River northward, probably to the northern limit of the range of B. airi- 
criaiatua. The line of contact of the two species coincides remarkably 
close with the junction of the humid and arid divisions of Texas, as shown 
by Mr. Vernon Bailey on his map of the Life Zones of Texas.^ WelL 
marked 'intergrades' occur over apparently a rather narrow zone (apparently 
about 50 to 1(K) miles in width), trending nearly north and south, from Bee 
and Live Oak Counties to Larnpassas County, or for a known distance of 
about 200 miles. Bee, Live Oak, Bexar, and Travis Counties are the 
only points from which, at present, material is available for examination;, 
but similar conditions may lie ex]>ected to occur along the junction of the 
ranges of these two species from Hcdugio,^ San Patricio and Bee Counties 
to Young County, or for probably about 300 miles. 

While these two species completely merge geographically, as already 
shown, as regards size and gent*ral coloration, both decreasing in size and 
becoming somewhat modified in other respects fnmi the north southw’ard, 
like hun<lrt'ds of sj>ecies of other birds inhabiting the same geographical 
areas, the radi(’al distinctions furnished by the color of the crest and frontal 
band remain practically unchanged until the ranges of the two species are 
actually in <*ontact. The final blending of the two is not along a line of 
xoTY marked geographic intergradation, nor is the manner of final inter¬ 
gradation of a geographic character. The same localities furnish, at several' 
known and quite widely separated points, birds of pure blood of both 
species, and intergrade.s having almost ever}" possible combination of the 
strikingly dissimilar features of the two species. There are gray-crested 
and black-crested birds with a chestnut frontal band, paling nearly ta 
whitish or darkened with blackish; and also birds with every kind of crest 
from gray to black: gray shaded with black, the gray and black al)out 

' North ArntTlcan Fauna, No. 26, 1906, plate 1. 

* James J. Carroll, in liis ‘Notes on the Birds of Refugio County, Texas' (Auk, XVH, 1900, 
p. 348) rcK'ords Pants bicoUrr tejcensis Bennett as “ve^ common" in Refugio County, and does 
not record from there either bicolor or atn4ristat%is. This would imply that all the birds exam¬ 
ined by Carroll ihiring a four years' field experience “during the winter and spring" weie 
Intermediates or hybrids. 
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equally developed, and black witli the feathers merely edged with gray, 
and clear black, the frontal band being in all more or less rufous; also 
occasional birds with the frontal band greatly reduced in width, or nearly 
obsolete. 

After careful study of all the available material from Texas representing 
Boeolophus bicolor and B. airicrisfatuit (about 2(K) specimens),^ I accept 
Mr. Ridgway’s view,^ tliat the birds showing mixed characters are hybrids 
and not geographic intergrades. 


Subspecies of the Boeolophus hicolor-atricristatus (Iroup. 

As already shown, there is about the normal amount of geographic 
variation in size and general coloration in both B, bicolor and B. atricristatus. 
It seems, however, too slight in bicolor to warrant its separation into sub¬ 
species, although the difference in size between northern and southern 
specimens is quite marked. The maximum size of bicolor appears to he 
reached in the northern part of its trans-Mississippi range, where also 
slightly paler coloration may be ex|x^cted. But available material for 
examination from this region is at present lacking. 

B, atrirristatm pn^sents about the same range of geographic variation 
in size as bicolor, witli, however, rather more pronoun(*ed color differences; 
the northeni form is not only much larger and grayer than the southern, 
but has a shorter crest, with the black area more restricted and duller, and 
it has, apparently, rather definite geographic limits — Texas, north of the 
Lower Rio Grande Valley, and from about Eagle Pass westward and north¬ 
ward. The type of B. atricrisiatus came from some point on the Rio Grande 
between Brownsville and Rio Grande City.^ Mr. Ridgway (/. c.) has 
characterized this larger northern fonn under the name Bwolophus airier is- 
tatus sennetti, he claiming that Sennett’s Parus atricristatns castancifrons 
and Parus bicolor teocensis were both based on hybrids, the former on four 
specimens and the latter on two specimens, all collected at the same time 
and place on the Aransas River, in Bee County, about 15 miles southeast 
of Beeville.^ Later Mr. Sennett received a large number of birds from 
various parts of southwestern Texas which he labelled Parus atricrisiatus 
castancifrons. This series covers the known range of Mr. Ridgway’s sub- 

1 See infra, under ‘Mateniil Examined,’ where the localities and character of the inter- 
grades are stated in detail. 

2 Birds of North and Middle America. Part III, 1904, p. 88R, footnote, 

8 Type locality, as given by Cassm, “IVxas, ui)on the Itio Grande, discovered by Mr. John 
Woodhouse Audubon.” An examination of J. W. Audubon’s ‘Western Journal: 1849-1850' 
(1906), Chap. II, shows that Audubon must have obtained tlie type somewhere below ttlo 
Grande City. 

* Fide Bedlam, Proc, U. S. Nat. Mus., Vol. X, 1887, p. 692, on the authority of the collector, 
John M. Priour. 
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species sennetti, so that the name castaneifrons, as used by Sennett on his 
labels, exactly equals the much later sennetti of Ridgway. Mr. Sennett 
labelled all of his Ix)wer Rio Grande and Mexican specimens atricristatus, 
thus sharply discriminating between the two races. 

Mr. Ridgway did not have Mr. Sennett’s series for examination, not 
even his types of casianeijrons and iexe7ms. As assumed by Mr. Ridgway, 
however, all these types are uncjuestionably hybrids, the male type of cas¬ 
ianeijrons having the forehead bright chestnut and the black of the crest 
dull, much restricted, and mixed with gray; in the female the forehead is 
much duller and the crest merely blackish w^ashed with gray. This being 
the fact, it is perhaps b(‘tter to accept for the large northern race of atri- 
crisiafus the name senneiti rather than castamifrons. 


Material Ex^aminted. 

I am gixmtly indebted to the kindness of the authorities of the U. S. 
National Museum and the Bureau of the Biological Survey for a large part 
of the specimens recorded below, without the aid of which this investigation 
could not have been undertaken. I am also indebted to Dr. J. Dwight, Jr., 
for the loan of a number of important specimens used in the present connec¬ 
tion. 

The letters A, H, and N, at the left of the entries indicate the sources ffom which 
the material was received, as follows: A = American Museum of Natural Histor}^; 
B = Biological Survey; N =- U. S. National Museum. 

Untler the heading, ‘Specimens of Mixed Character/ many of the intermediate 
specimens are mentioned in some detail. 

The total number of sj)ecimens examined is about as follows: Biological Survey, 
92; II. S. National Museum. 101; American Museum of Natural History, 296. 
Total 489. They are divided by species and geographically as follows: 

BcFoiophus bicolory from localities east of the Mississippi, 121; from localitie.s 
west of the Mississippi, 5; from Texas, 39. Total, 165. 

Bwolophus airieriatatus atrienstatus, from Texas, 82; from Mexico, 52. Total 
134. 

Bxolophm atricristatm sennetti, 88. 

Bceohphus a. senneiti + hicolor. 102. 
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Bwolophus bicolor j 

from East of Mississippi River. 


A. 

Westchester, N. Y. . 

1 

B. 

Georgetown, S. C. . 

1 

A. 

Morristown, N. J. . 

13 

A. 

Summervdlle, S. C. . 

6 

A. 

Maplewood, N. J. . 

1 

A. 

Chester C. H., S. C. . 

1 

A. 

Erie, Pa . 

2 

A. 

Aiken, S. C. . 

2 

A. 

Grafton, Pa . 

1 

A. 

Frogmorc, S. C. 

. 2 

B. 

Beaver Co., Pa. 

5 

A. 

Hobcaw Point, 8. C. 

1 

B. 

Fulton Co., Pa. 

1 

N. 

Augusta, Ga. . 

. 3 

B. 

Bedford Co.. Pa 

1 

N. 

Kershaw Co., Ga. 

5 

A. 

Cindeville, O. 

6 

A. 

Gainesville, Fla. 

. 12 

V. 

Wheatland, Knox Co., Ind. 

4 

N. 

I.ake Trafford, Fla. . 

1 

N. 

Mt. Carmel, Ill. 

2 

A. 

Rosewood, Fla. 

4 

N. 

Parkersburg, Ill. 

1 

N. 

Big Lake George, Fla. 

. 2 

N. 

Jacksonville. 111. 

2 

A. 

Hollis Hill, Fla. 

1 

N. 

Bardstown, Ky. 

1 

N. 

Fort Gardner, Fla. . 

1 

N. 

Lexington, Ky. 

1 

B. 

Gallon. Ala. 

1 

N. 

Rockwood, Tcnn. 

4 

B. 

Chautauqua, Mis.s. . 

1 

N. 

Laurel, Md. 

3 

N. 

Bay St. Loui.s, Miss. 

2 

A. N. Washington. 1). C. 

14 

B. 

Belair, La. 

1 

BT. 

Gainesville, Va. 

2 

A. 

('linton, La. 

2 

B. 

Cape Charles, Va. 

1 

A. 

Madisonville, La. 

1 

A. 

Mitchell Co., N. C , 

6 





Bceolophua bxrolor, from 

West 

of Missis.sippi River. 


B. 

Marble Cave, Mo. 

1 

B. 

Savanna, Ind. Terr. 

1 

A. 

Council Grove, Kans. 

2 

B. 

Mt. Scott P. 0.. Gkla. . 

1 


Tkvolophun bicolnr, from Texas. 


B. 

Texarkana, Bo\\ie, Co 

1 

N. 

Hemstead, Wa.shington Co. 

1 

A. 

GrigsbyBluff, Grange Co. 

3 

N. 

San Antonio, Bexar Co. . 

9 

B. 

Jasper, Jasper (\j. . 

1 

B. 

(''cdumbia. Brasoria ('o 

1 

N. 

Rice, Navano Co. , 

1 

A. 

Brasoria ('ounty 

1 

B. 

Sour Lake, Hardin Co. 

1 

B. 

Matagorda, Matagorda Co. 

3 

B. 

Waco, Mclennan ('o. 

2 

A. 

“ “ “ 

4 

B. 

Conroe, Montgomeiy ('o. . 

2 

B. 

Inez, Victoria Co. 

1 

A. 

Giddings, Lee ('o. . 

6 

A. 

Victoria C'o. 

2 


Bd'oloph ns atricristatus 

atrieristatus. 




Texas. 



B. 

Brownsville, Cameron Co. 

6 

A. 

Lomita Ranch, Hidalgo Co. 

. 34 

K. 

H i( 

3 

B. 

<( it ti 

1 

A. 

Cameron Co. (mostly from 


A. 

Hidalgo, Hidalgo Co. 

7 


Brownsville) 

16 

B. 

tt ti 

1 

A. 

Rio Grande City, Starr Co. 

11 

B, 

Dimmitt Co. 

1 

B. 

Paisano, Starr Co. . 

2 
















1907 .] AUerif The Bceolophus hicolor-atricristatm Group, 479 


A. 

Boquillo, Nuevo Leon. 

Mexico. 

7 A. 

Victoria, Tam. 

1 

A. 

Boque Negro, 


1 

A. 

San Fernando River, Tam. 

1 

A. 

San Pedro Mines, 

n 

6 

A. 

Fernando de Presos, 

. 1 

A. 

Montemorelos, 

tl 

1 

A. 

Xicotcucatl, ** 

. 1 

B. 

Monterey, 

tl 

4 

A. 

Soto le Mariim, 

. . 1 

A. 

a 

it 

. 3 

B. 

Camargo, “ 

1 

A. 

Rio San Juan, 


. 2 

B. 

Alta Mira, “ 

1 

B. 

Rodriguez, 

<< 

. 5 

B. 

Sabinas, Coahuila 

1 

B. 

Cerro de la Silla, 

it 

4 

B. 

Valles, San Luis Potosi . 

. 2 

B. 

Rio de Rarno, 

<( 

1 

B. 

Papantla, Vera Cruz 

1 

B. 

Linares, 

n 

1 

N. 

Mirador, 

1 

B. 

Matamora.s, Tam. 


1 

N. 

Mexico (Verreaux spec.) . 

1 

B. 

Victoria. 


3 





BwolophuH atricrUtaius sennetli. 
(All from Texas.) 


B. 

Cotullu, La Salle (’o. 

3 

N. 

Medina Co. 

. 1 

B. 

Ingram, Kerr 

2 

N. 

Rtxjrne, Kendall Co. 

1 

B. 

Del Rio, Valverdc Co. 

1 

N. 

Leon Springs. Bexar Co. 

6 

B. 

Langtry 

1 

N. 

San Antonio, Bexar Co. 

9 

B. 

P'ort Ihivis, JctT Davis ("o. 

4 

A. 

Nueces River (County ?)’ 

. 11 

A. 

(t .( 

5 

A. 

Paint Ruck, ('oncho Co.* 

. 10 

B. 

Davis Mts,. Reeves Co. 

1 

A. 

Laredo. Webb Co. 

. 12 

B. 

San Diego, Duval Co. 

1 

N. 

t( %( 

1 

B. 

Chisos Mt.s. 

1 

A. 

Rio Frio (Cvalde Co. ?)' . 

. 13 

B. 

Locker’s Rancho 

1 





Sjyfciinejhs of Mured Choroeft 

r {Centrol Texas). 


N. 

San Antonio, Itexar Co, 




. 10 


Of 27 s{H^'imens from thi.s locality, 

9 

are 

typical hicolor, 9 are fairly 

typical 

atricrifitatvH srrim'tti, 5 approach more 

or 

less the ’ phase. 3 are 'texensis.* 


and 1 iHU'aManeifnmtt ’ 

N. Leon Springs, liexar (\>., about 20 miles north-northwest of San Antonio . 1 

Of 0 sjH'cimens, /5 are of the atrirristatus ty}>e and 1 is a good * rnstmieilrons.* 

N, A. Fort Clark, Kinney Co. .......... 21 

All are referable to ntricri.*<tatus mnnetti, except that about 25 jier cent, have the 
frontal band too strongly siifFu.sed with rufous to be typical. 

B. Cisc •o, Eastland ('o. . . . . . . . . .13 

All have black orests, but in mo.st of them the black is dull and the feathers 
edged with gray, especially in the females, but also in some of the males; the fore¬ 
head is more strongly suffused with brownish than is usual in the atricristatus group, 
and the posterior rows of feathers of the frontlet are conspicuously tipped with black¬ 
ish. They tigree with the large series in the Sennett collection lal>elled by him 
‘ castaneifrons* 

A. Corpus Christi. Nueces Co.1 

^ I^abelled caManeifrtms by Sennett. 

2 Part labelled c/i 8 taneijr<m 9 and part atricristatus by Sennett. 
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Frontal band wliite; crest feathers blackish, more or less edged with gray. Mr. 
Chapman collected this specimen and reported seeing one hicolor. (Bull. Am. 
Mus. Nat. Hist., HI. 1891, 327.) 

B. Mouth of Nueces Kiver * .^ 

Frontal band very narrowj^^trongly chestnut; crest feathers with the black 
restricted and edged with gray. 

A. Bee County, near Beeville.26 

There are IG adiilts and 10 in first phunage. Of the adults, 12 are labelled as 
Parus bicolor tcxeris^is l\v Mr. Senneft, and 4 a.s P. atneristatus castanetlrons. They 
include the original 6 specimens on which texcrisis and castaneifrons w'erc based, and 
10 others received later. The 10 young birds were all identified by Mr. Bennett as 
texmais. The 4 original specimens of cafitaneifrons have the black of the crest much 
restricted and dull, the feathers more or less gray-edged, esjxfcially in the females. 
In two of them the forehead is bright reddish; in one (sexed cJ'), it is huffy white, 
as pale as in many specimens of true atricristatus, the crest small and dull blackish; 
in the other (.sexed 9 ) the forehead is rusty buff and the black of the crest feathers 
Is greatly restricted and dull grayish black in general effect. 

In the 10 adult ‘/ext/isw \s|^x?cimens the crest i.s gray washed with blacki.sh. faintly 
in three of the specimens; the forehead is chestnut in all, vaiydng from rather strong 
clear chestnut to pale chestnut, in one suffused with blacki.sh, in t^^o very pale rusty 
chestnut. The 10 young bird.s {'texmms^ Bennett) have the whole crown faintly 
dusky, but decidedly ilarker than the back (as in all young birds of the hicolor- 
atricristatus group) and there is generally a very narrow blackish frontlet, with a 
slight buffy suffusion. 

In other words, the whole Bee County .series of adults con.sists of ‘intennediates,’ 
showing a wide range of individual variation. In some there is only the merest 
trace of blackish in the cre.st. grading up to a crest as full and as black as in sj)cci- 
mens from other localities that would be unhesitatingly referred to Kidgway's />'. 
atricrutatus Hcnrutti. In none is the forehead black, but in one the ‘chestnut' suffu¬ 
sion is no greater than in some Rio Clrande specimens of true atricrustalufi. 

A. Travis County (Austin and vicinity).6 

In this series of 6 si)eciniens (2 from Dr. Dwight’s Coll.), no two are very nearly 

alike. Two may be described as nearly typical bicolor with the frontal band narrow 
and deep reddish chestnut instead of black. Another has the forehead dingy gray 
tinged with ru.sty ino.-sially and a dull blackish cre.st. A fourth has the frontal band 
of normal width (twice a.s broad as in the others), dull chestnut tinged w'ith du.sky, 
e.specially on the posterior third; the crest is gray with all the feathers broadly 
centered with blacki.sh. A fifth has a bright reddi.sh narrow’ frontal band, and the 
crest suffu.sed with blacki.sh. The other has the frontal band almost obsolete, and 
of a dingy buffy gray; the crest is full and black, about as in average examples of 

B. atriervitatuff sennetti. 

A. “Brownsville,” Texas (locality obviously erroneous; Law^^ence Coll.) . 1 

Crest and general coloration as in hicolor; frontal band broad, bright reddish 

chestnut, with the feathers conspicuously tipped with black. The chestnut of the 
frontal band greatly predominates over the black; otherwise the specimen is bicolory 
and was so identified by Mr. Law rence. 

B. Seguin, Guadelupe Co.1 

A female with the black of the cre.st much restricted and the frontal band buffy,. 

the feathers black4ipped. 
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A. Paint Rock, Concho Co., Texas.2 

Two specimens in a series of 10 have the forehead chestnut and the crest feathers 
gray-edged. 

A. Lampassas Co., Texas .... .I 

A yellowish brown frontal band and the crest feathers much edged with gray. 

A. Rio Frio (county not stated).13 

In a series of 13 8j>ecimens, the forehead is yellowish brown in most of them, 
and the black of the crest is rather restricted and the feathers often gfay-edged, 
particularly in the females. 

A. Live Oak Co., Texas.5 

All but one have the forehead buff, strongest in the male; crest in the male with 
the black restricted and some of the feathers gray-edged; crest in the females dull 
blackish gray. 
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Article XXIII.~~ A COLLEC^lOX OF REPTILES AND AMPHIB¬ 
IANS FROM SOUTHERN NEW ^MEXICO AND 
ARIZONA. 

By Alexander G. Ruthyen. 

During the suininer of P,)()G the writer made a trip to southwestern 
United States for the purpose of obtaining a collection of the terrestrial 
cold-blooded vertebrates of that region for the American Museum of Natu¬ 
ral History. The work was c*arricd on during July and August, and at two 
points — Alamogordo, New Mexico, and Tucson, Arizona. 

In all about LOGO sjK'ciinens were obtained, besides many notes on the 
habitat relations of the difh'rent fonns. Special effort was made to secure 
th(' latter as the writer holds the point of view so ably stated by Gulick:^ 
“In(}uiries leading to the discovery of bionoinic laws have usually been 
first suggested by obs(»rving the relations under which the organisms present 
themselves as distributed in nature; but after we have once recognized the 
fact that these relations are the result of the constant interaction between 
organism and organism, and between the organism and the physical environ- 
m<*nt, it b(‘Coin(‘s ne(‘essary to make a full classification of the different forms 
of intiTaction that tend to modify the species. A .systematic and thorough 
use of this uu'thod will, I am convin<*ed, throw light on many problems, 
correcting many j)artial and incomplete theories. We may also hope that 
a careful examination of the different forms of interaction will, in some 
degree, lessen the danger of attributing exclusively to one form of inter¬ 
action results that are due to .several forms of action. And having discovered 
that similar results are produced by different forms of action, we are next 
led to seek for the underlying prin<‘iple in wliich they agree.” It will be 
noted that two forms of interR'lutions are recognized in the above cpiota- 
tion (“the interaction between organism and organism and between the 
organism and the environment’'), both of which may give rise to isolation 
and racial divergcn(*e. The following jmper is the result of an endeavor 
to gather data bearing upon tlu' interrelations between the reptiles and 
amphibians of the Southwest and their envinmment. 

There is no rea.son to believe that reptiles and amphibians are less 
influenced by environmental conditions than are other groups. Indeed, 
with their limited powers of migration they must be more so than many 
other forms, and besides the geographic isolation that necessarily attends a 


1 GiiUck, Evolution Uncial and Habitudinal, p. 10-11. 
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close interrelation of organism and environment we may expect to find 
nearly related s])ecies associated with different environmental complexes, 
or in the same habitat when the habits are sufficiently <lifferent, for both 



of these phases of environmental isolation are like the geographic in that 
they are favorable factors in the produ<’tion of divergtMit racial groups. 
By detennining, therefore, the intemulations InHween the different forms 
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and the environmental eonclitions with wliieh they are found assoeiated, 
clues may be obtained to the centers of origin, routes of migration, genetic 
relationships, and possibly some of the causes of divergence. 

In carrying out this investigation, however, it must be borne in mind 
that the problem is a dynamic one. As has been elsewhere stated^ ‘‘the 
environmental factors are the same as the geological factors in the belt of 
weathering. Each of these factors is the resultant of various processes 
(composed in turn of physical forces, heat, light, etc.) which when not in 
crjiiilibriuni tend to become so. The adjustment of these processes to 
cacii otluT brings about changes in the conditions which can only approxi¬ 
mately cease when they approach an equilibrium, as, for example, wlien 
the topography has been re<luced to a base-leveled plain covered by a layer 
of residual soil. The conditions in habitats where the processes are not in 
c(juilihrium arc thus being constantly changed in the din*ction of other 
liabifat.s in wlilch they have more nearly reached an adjustment, and a 
succession of .so(*l(*ties 4)ccurs that only (vases when the processes have 
luvoiiH' approximately adjusted to ('a(‘h other. The f<»rms that arc adapted 
to tlic adjusted conditions \\ill constitute the climax soci(»ty. It is neces¬ 
sary to here (‘mphasizc the importance of the organic factor; this must 
also become adjusted to the others for the entranev of new forms into a 
region may greatly disturb the equilibrium of its societies.’* Thus, owing 
to th(‘ fact that the conditions arc not .stable, in order to interpret the ])rcsent 
<-ojiditions it is lUMVssary to d(*terinlne the history of the envinMiment. 
With th<‘sc j>oints in mind the work upon \\hl(‘h this paper is based was 
carried on as follows: 

1. Two .se|)aratc n‘gIons were explored in order to furnish grounds for 
comparison. 

2. Each H'gion was first covered by a brief rcconnaissancv* in w’hi(‘h the 
different habitats Avere noted. 

d. Typical and accvsslblc [)oints in the.se habitats were then designated 
as stations, and the physical conditions and characteristic plants of each 
vv(‘re listtMl. 

4. The* n‘ptile and anqthibian life of each habitat was determined by 
careful and persistent collecting, and each .spetamen was numbered and cata¬ 
logued with the station number and such data as could be secured on habits, 
including an examination of the stomach contents in as many ceases as }>os- 
.sible. 

The writer fully realizes that the results of the present work are very 
incomplete. They are necessarily so, however. In the first place it is 

' Ruthven, An Ecolocrical Survey in the Porcupine Mountains ami Isle Royale, Michifran. 
Ann. Kept. Geol. Surv. Mich., 1906, 43. 
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Fie South side of Box Caftoii, Sacramento Mountains (altittide 6.000 feet). Pifion- 
Tedar association. The conspicuous plants are Pinw eUulis, Juniptruf, monosperma and J. 
pachyphlaa. jSceloporus consobrinus occurs commonly in this habitat. 
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B'ig, 4. Typical growth of cedar {.luniperus monosperma) in the Piflon-Cedar association. 




Fig. 6. Foothills of llie Sacramento Mountains east of Alamogordo, N. M. Sotol-Oco* 
tlllo association. Crotaphytus coHam batkpi was found here. 
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often diffirnlt in the ease of reptiles to determine the characteristic forms 
of a habitat for, owing to their secretiveness, many common forms are 
often quite as apt to be overlooked as are the rarer ones. Then again while 
a number of systematists have applied these methods in a general way to 
other groups, w ith good results, the literature on the reptiles and amphibians 
still consists principally of annotated lists which ignore for the most part 
all environmental factors with the exception of the geographic.^ Little 
data for comparison is therefore at hand, and in many instances one can 
only state the facts observed in the hope that they may serve as a basis for 
future w\)rk. 

I desire, first of all, to ac*know’ledge my indebtedness to the American 
Museum through Dr. 11. (\ Bumpus and Dr. W. M. Wheeler for the oppor¬ 
tunity of (‘arrving on this w()rk, and to these gentlemen in particular, whose 
interest and cooperation made the trip a very pleasurable one. I am also 
under great obligations to Prof. Volnev M. S|)alding of the De.sert Botanical 
Laboratory of the ( arnegle In.stitution, who spent tlie early part of the 
summer at Alamogordo, aiul who very generously })Iaced at my disposal 
the general results of his work on the local distribution of the flora of that 
region. I wish also to e\j)ress my indebtedness to my assistant Mr. 
Gneoinar von Krockow, of the American Museum, for his efficient .service; 
to Mr. A. ¥. ZimiiK'r of (’liicugo, who accompanied the party throughout 
the season entirely at his own expense, contributing many s}M‘c*imens to the 
collections, and to Prof. F. E. Lloyd, of the Ik'.sert Botanical Laboratory, 
and Prof. J. J. Thornber, of the University of Arizona, for many specimens, 
and mu<‘h valuable inforniatifai relative to the distribution of the flora and 
fauna about Tucson. 

In the identification of .sev<*ral species I gratefully acknowledge the 
a.s.sistance of Dr. Leonhard Stejneger and Miss Mary U. Dickerson. 


Cexkral Envihonme.vtal Uo\niTION8. 


Physiographic Features.- The topography of Arizona and New" Mexico 
is dominated by the .same feature — the high plateau with its two parietal 
series of broken mountain chains, that here re[)lace.s the lofty ranges of the 
Rocky Mountains. This plateau, which is bounded approximately by the 
contour line of 5,000 feet, i.s continuous with the high plateaus that abut 
against the eastern and we.stem flanks of the Rocky Mountains, and forms 


1 1 - ! ^‘^tances are numerous where the Hpecimens in a eoUeotion from a given locality are 
labeled merely with the name of the principal neighboring towm, fort, etc., when they may 
have been taken miles from the actual locality given and In many habitats. 
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with them a general plateau region. This feature is bordered on the south 
and west by a lower plateau between 3,000 and 5,000 feet, made up of 
short ranges and inteniiontane basins, and may be kuowm as the Proplateau.^ 
P^xtending northward from the Mexican Plateau with w^hich it is continuous, 
the Proplateau pushes into southern Arizona, New Mexico and western 
Texas to the High Plateau, and follows along the margin of the latter as a 
narrow’ bench through Arizona into southern and western Nevada. In 
several places (the valleys of the Pecos and Colorado, and the bolson plains 
of the Trans-Pecos region) it penetrates the High Plateau region in long, 
narrow indentations. 

As before slated the Proplateau is l3<)unded by the 3,000 foot contour. 
In the United States its eastern margin is the Pecos valley, w’here it over¬ 
looks the Prairie region of central Texas, which falls aw^ay in elevation to 
.')(K) feet near the ninety-eighth meridian. Its w’ostern margin in the United 
State.s lies between the one hundred and tenth and one hundred and eleventh 
meridians, where it adjoins the desert ])lains about the lower parts of the 
(fila ami Colorado rivers (.Sonoran Hese^rt) which also descend to a low’ 
elevation. 

CHmaiohnjjf. -'YW climate of the difierent topogra))hic divisions out¬ 
lined abovt' is distinctive. The Prairie region of Texas is semi-arid. The 
prccipitati(»n varies from about I.") inches on the wc.stern border to 40 inches 
at tlu* Jiinety-cighth meridian. According to HilF the .seasonal distribution 
of rainfall in this region is det^Tinined by tlu‘ overlapping of the Gulf and 
Sonoran tyjx's, “so that in tla's(^ prcninces there are usually two epocks of 
niaxinnnn rainfall, in May and September, n'spectively, and sometimes a 
third in June.” 

I'lie desert })lains of southwestern Arizona are, on the other hand, 
exceedingly arid. 'Fhe mean annual temperature is above 05°, and as the 
humid air from the vapor zone in the (bilf of California Is carried ea-stw’ard 
by th(‘ pr<*vailing westerly winds, so little moisture is precipitated that 
”uf)on this low ])lain the rain rt‘cords approximate the absolute minimum 
of the world.”’ A.s it a.scends to the Proplateaii, High Plateau, and moun¬ 
tain summits, however, when' the tempeniture is progres.sively low’cr, the 
moisture is condense<l and precipitate<i, and the conditions become less 
arid. Tims the ProjJateau has an annual precipitation of 10-15 inches, 
the High Plateau 15-20 inches, and the mountain summits (above 7,000 
feet) over 20 inches. 

The same type of rainfall — the Sonomn — prevails throughout the 

J Greeley. House Ex. Dor., 2(1 Sess., ,5lst Gong.. XXXVIII, 303. 

3 Physical Geography of the Texas Region. Topog. Atlas U. S., 11. 

* Greeley, Climate of Arizona. House Ex, DoO. XXXVIII. 304. 
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Fig. 6. Details of the Soiol-Ocotillo association. The Sotol, Ocotlllo anrt various other 
Yuccas and Cacti may be distinguished. 
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Fig. 9. Central depression west of Alamogordo. N. M. Atriplex as^ofiation. The prin¬ 
cipal bush In this iiabitat is Atripler caneseens. The eastern margin of the >Mute Sands mav 
be seen in tlie distance. The characteristic lizard is Crotaphytus ivUans bmlryu althougn 
Cnemidophorua aaxhneatus Is also common. 
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Proplateaii rcf^ion in Arizona and New Mexico. There are two rainy 
seasons, the general rains of winter, and the violent showers of the summer 
months. Generally speaking, the former begin in Arizona in December 
and cease in February; the latter beginning in July and ending in Septem¬ 
ber. In New Mexico the winter rains last from Januaiy to April, the 
summer rains from the middle of June or the first of July to October. 

In this general region, therefore, there may be distinguished five general 
sets of environmental conditions, differing in respect to their topography 
and climate and grading into each other at the margins. They are: 1st, 
the Prairie region of Texas; 2d, the Desert plains of southern California, 
Arizona, and Nevada (Sonoran Desert); 3<1, the Arid plains (including the 
mountain slopes below o,()()() feet) of the Pro])lateau; 4th, the High Plat<*au, 
including the mountain slopes of the Pmplateau region between 5,000 and 
7,000 f€'e*t; 5th, the higher Miininits between 7,000 and 10,000 feet.‘ 


Alkmogouix), New Mexico. 

General Geoyraphy .— The region about Alamogordo was explored first. 
This locality is situated about half way up the Hueco bolson, oru' of the 
series of four parallel bolsons that carry the (‘oiiditio is of tin* arid [)lains 
of the Proplateau region well into the High Plateau. This feature is briefly 
described by HilF as follows: “One of the most extensive and characteris¬ 
tic bolsons of the Trans-Pecos region is that lying between the (Jscuro group 
on the west and the Ilueco and Sacramento chains on the east, in southern 
New ^Mexico and extreme western Texas. This vast (*\])anse of level plain 
extends through two degrees of latitude, from just south of the thirty-fourth 
parallel southward to the Kio Grande between Fort Hancock and El Paso, 
It is 40 miles wide at its northern end and broadens to 90 miles at its south¬ 
ern border along the Rio Grande. 

“On all sides this bolson is inclosed by high mountain blocks or mesas. 
The mountainous perimeter includes the Sierra Blanca, Hueco, and Sacra¬ 
mento ranges on the east, the Franklin, Organ, and San Andreas blocks on 
the west, and unnamed Mexican Mountains on the south. At its north end 
is the Mesa Juinanes, dividing it from the Sandoval Bolson. A bench-like 
mesa projecting from the Sacramento Mountains is also shown on its eastern 
border. 


' In the Sacramento ranure and on the plateau, there are a number of summits which attain 
a greater elevation than 10,000 feet and support a boreal biota similar to that of the Rooky 
Mountains and northern North America. As these peaks could not be examined the habitat 
will not be discussed in this paper. 

a Physical Geography of the Texas Region. Topog. Allas U. 8., 9. 
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Although apparently level, this plain slopes southward, according to 
the profile of the El Paso and Northern Railroad, from 4,500 feet at its 
northern end to 3,500 feet at its southern end, having an approximate 
gradient of 7 feet per mile.’" 

At Alamogordo the plain itself has an elevation of about 4,000 feet 
in the middle and rises gently toward the margins. The rim of the basin 
is formed by the Sacramento mountains on the east, and the San Andreas 
range on the west, both of which rise abruptly from the plain. The former 
have here an altitude of 9,(KK) feet, but the latter do not attain a much 
greater heiglit than 7,(KX) feet.^ 

Description of Uahitais? — Undoubtedly one of the most potent factors 
in differentiating the environmental conditions in this region is the physio¬ 
graphic, as it profoumlly affects both the climatic and edaphic conditions. 

A c*oin})arison of the available' records of Alamogordo and Cloudcroft 
shows that a marked decn*ase in precipitation and increase in temperature 
takes place between the mountain siiiniiiits and the plain, which is accom¬ 
panied by an incit'ase in aridity. Owing to an abundant rainfall, tlie 
higlier elevations (above 7,(KK3 feet) are clothed with a dense forest growth, 
that has formed a layer of humus and holds a layer of residual soil. The 
vegetation of this habitat consists of such coniferous types as Abies con- 
color, Pinus 'fHmdcrosa and Pseudotsuga douglassi, w’ith scattered groves 
of oak and maple. 

Below’ the contour line of 7,000 feet (approximately) the vegetation 
becomes mort' and more open, and the slopes exposed to the forces of denu¬ 
dation have become deeply dissected into steep-sided canons and devoid of 
all but a thin covering of stony soil. The flora of this habitat is composed 
principally of low’ trees, such as Pinw^ edulis, Junipenis pachyphlwa and 
Janiperus monosperma, associated with a few’ cacti and yuccas (Figs. 2-4). 
(4n the floor of the larger canons, how’ever, where there is less exposure 
and more soil, the flora consists of forms of the coniferous forest of the 
summit (Pinus pomienmi, Pinius conrolor. Poison Ivy, Virginia Creeper, 
etc.) which push down into the Pinon-Cedar zone in long tongues (Fig. 1). 

Below’^ 5,5(X) feet the slojx's and canons jK)ssess only a meager flora of 
low’ xeroj>hytic forms, the slopes are swept bare except for a thin veneer of 
stony w’aste, the streams are small or transient, and the canons strewm w4th 
large bowlders or floort?d by exposures of the l)ed rock. The characteristic 
vegetation consists of the Sotol, Ocotillo, and a number of yuccas and cacti 
(Figs. 5-0). 

* The San Andreas Mountains could not be explored on this trip, but Mr. Edwin Walters 
of Alamogt^rdo, who has been over the refirioii, inforine<l us that the conditions on this range 
are the same as those of the Sacrament os below 7.000 feet. 

®See also MacHrlde, Science, N. S., XXI, 90-97, 
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Fip. 10. Easternmo'^t diiiK^s of thf* While Saiul.s west of Alainoffonlo, N. M. The steep 
slope (which IS the lee .slofip) of the dunes indicates that they are udvancItiK on the Afriplex 
afl.soeiatiou winch is shown in the foiejrroiind. Srdnporm cmsohmim, ('nnnidophorm six^ 
lineatus and Halbrnokia mncuhUa jlaiulenta weie found on tlie face ol tins dune. 


I 



^and.s west of Alamogordo, N. M. Sumac-Yucca 
association. The vegetation consi.sts of Rhus intoifota, Yucca radwaa, Lavender and Atriplex 
canescena. The characteri.stlc reptile of this habitat is Holbrookia maculata ftavtlenla. 
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During heavy rains the canons are filled with torrential streams that rush 
out onto the desert floor and through the dry arroyos to form ephemeral 
lakes in the central depression. As they leave the canons the coarser part 
of the material constituting their load is deposited as alluvial fans of stony 
material, that coalesce, forming a graded slope along the margin of the plain. 
The flora of this slope is very characteristic, as the dominant and one might 
almost say the only plant is the Creosote bush, which covers it from top to 
bottom with a dense growth (Fig. 7). On the stony soil near the top this 
flora becomes much diluted with the forms of the slopes, which push still 



Fig. 12. Charact<*ristic sink in the White Sand.s. The flora is romposed principally of 
grasses and other low forms, Atnpkx canesccns aUo being present. The only reptile found in 
these bottoms \Nas Cnemidophorits scxhnvntus. 


farther down in the arroyos (Fig. S), and tow^ard the bottom with those of 
the adjacent plains association, but tlu*se intermediate zones are so narrow^ 
that at a little distant the association appears sharply defined. 

The finer material is carried out on the plain, and the salts largely to the 
central part of the basin. When the rains cease the streams on the desert 
floor and the lakes in the central depression rapidly disappear, and the soil 
dries out into a light pulverulent loam that increases in salinity toward the 
center of the basin. At the foot of the alluvial slopes the flora consists 
principally of the Mesquite (with considerable Crucifixion thorn), except 
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Figs. 13 and 14. 1 Mm; and nl)ov<*, Hhua trilohatn, below, acting aa 

dune holders on the White Sand's. IJollfrookia inaculata flnvileula is found most commonly 
about such clumps ot vegetation. i .-uiutuumj 
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Fir. 15. Mf.sa v\€*st of the Santa ('ruz Huer at Tiichon, Ariz. Suaharo-Ocotillo association. 
Showing tlie characteristic plant of this liabitat. the Suaharo. The small trees In the back¬ 
ground are Palo veide. 



Fig. 16. Plains east of Tuc.son, Ariz. (’leosote bush association. The dominant shrub 
is the Creosote bush. The characteristic lizard.s of this habitat are Cnemidophorus mdano^k- 
thus and Sceloporus magister. 


[July, J907,] 


31 
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about the salt s])ots, where tlie priiieipal forms are AIleun)lfia arid Atriplex. 
This vegetation prevails from the foot of the marginal slope, to a ])oint about 
five miles to the westward, where it is replaced, owing probably to the in- 
creasi'd salinity of the soil, by a flora consisting of the forms whitjh margin 
the salt spots in the uu'squite zone. This habitat occupit‘s the central and 
low(‘st part of the basin. The soil is fine and strongly impregnated with 
salts. The vegetation consists of low forms, principally Atriplex eaveseens, 
associated with Suaeda, Sporobolus, and othtT low halo})hytic foi’ins (Fig. 9). 

In the central (le])ression are situated the famous White Sands which 
cover an area of sc'veral linndi-e<l stpiare miles (»n the western side of the 
plain, their eastern limit being marked by the stcH'p faces of a long line of 
dunes in the c*(‘ntral deprvssion, about 12 miles west oi Alamogordo (Fig. 10). 
They consist of shifting dinu's of fine white gypsum sand, with intervening 
depressions (Figs. 10-11). They are said to owe tlaar origin to the tlisin- 
tegration of e\])osed gypsum beds on the floor of tin* })lain,* and are moving 
eastward on the descTt floor under the influenc(‘ of tin' j)revaillng westerly 
winds. The sand itself is composed principtdly of (‘alciiim sulphate,- ami 
being soft tind fine ])acks well, forming compact surfaces t‘\ct‘pt on the lee 
slope of the dunes. In color it is a dull white that in th(‘ intense light of tin* 
desert takes on a buff or even ])inkish tint. 

Obtaining the miniimnn ])recipitation and ])osscssing a porous, saline, 
and very unstable substratum, th(‘ White Samis form by far the most severe 
habittit in this region. Xeverlhele.ss tlaw support a meager flora, that 
struggles to maintain a foothold, giving rise to the usual forms of wandering, 
captive and rejtivenatcd dunes. 

Directly west of Alamogordo, and on the eastcTii margin of the Whit(‘ 
Sands is a large salina (Lak(‘ Walters) which is ap])arently perennial. It 
covers a roughly estimated area of two or thre(‘ scpiare miles, about one- 
fourth of which lies within tlu‘ area of the White Sands. It is shallow' and 
very strongly salim*, and lias a liottom coin[)osed of fine silt; the shor(‘s art‘ 
covered with a layer of i‘ncrust(‘d salts. During the summer months the 
rainfall is not sufficient to counteract the evaporation, and w ide area.s of mml 
are exposed about the shores. 

The depressions within the While Sands a])pi‘ar to have tin* same level 
as the floor of the des(*rt. They an* usually dry, but thos(* that extend 
inw^ard from the (‘iid of Jadvc Walters eontain occasional water holes in 
w’hich the water is very alkaline*. The vegetation of these bottoms consists 
of a low^ and comparativ(*ly d(*n.se growth of grasses and other low' forms 
(Fig. 12), w'hile on the dunes the flora consists almost entirely of a very .scat- 

1 Herrick, The Geoloj-y of the Wiiite SatuN of New Mexico. .Joiir. Geol., Vllf, 123. 

2Coville and MacDoii^al, ilotaiiicul Laboiatory of the Curnegle Institution, 9, 
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teml {growth of Rhus tnlohafa, Yucca, radiosa, Atriplex and Lavender, 
speeies that, with the ex(*eplion of Rhus fulohafa, are also found in the 
Atrij)h'x association. These jdants act as dune holders, Rhus frilohafa 
probably bein^ the most suetvssfuP (Fijj:s. 13-14). 


List of Sfaflous. 

Stalioii 1. ('loudoroit, N. M Altitiicio s.(j,>() feet. Piiu^-Spriiee a.NSoeiation. 
Station II. Ik'twcsMi Pinto and Hip;hrolls, X M. Altitude 0,5(X) feet. Pinoii- 
(’edar a''Sociati(»n. 2-1 ) 

Station III. Foothills caist of Alainogonh), X M. Altitude 4,500 feet. Sotol- 
()c*otillo asMuiation (Figs .i-O ) 

Station IV. ,\Iluvial sl(»jK‘ east of Alamogordo, X. M. Freosote bush association. 
(Fig. 7 I 

Station V. Floor of lliu'co hoNon from \lamogordo to the White Sands inclusive. 
Substation 1. .Margin <»f plain, about .\lamog(>rdo. Mesquite association. 
Substation 2 ( entral deiavsdon. Atn|>lc»\ association. (Fig. 9.) 

Suitstation 3 Wliite Samb. Sumac-Vucca association (Figs. 10-11.) 


Yvi SON, Aki/.ona. 

(tcucral (tC(KjnipJuf. — Tliis lo(\ility is situuteil in southeastern Arizona, a 
little* to the nemh of the junction of tin* :)2d parallel with the 111th meridian. 
It marks approximately the wi‘s(ern limit of the Proplateau region,‘hnd the 
c‘astt*rn margin of the Sonoran l)es(‘ri in this latinide. The same broad 
topogra})hie fc'atures j>rc'\ail in this rc*gion as at .Mamogordo and elsewhere 
in the Proplateau rc*gion —a low plain bc»twc*cm })arallt'l mountain chains. 

I)csrripfiou of llahltat.'<. - Ib'iv a'> elsewhere in the Profdateau region 
the mountains rec'eivt* most c»f the rainfall. The summits, where high 
enough, are c*lotlu'd with eoniferou.s forc'.sts with a subjac*ent zone of Pinon 
and (Vdar. Thc*se habitats c-ould not be e\})lored. 

Below the* Pinon-(\’dar zone, owing to the increased aridity, the slo]x*s 
are cowrc'd by a sp.irse flora of Mtc-li xcwophytic forms as the Sotol, Oc*c)tillc), 
and various yuevas and c*ac*ti, the Suaharo being a conspicuous form. Dry 
c'anons were* not investigatc’d btit probably supptwt a flora similar to that 
of the slope's. Sabino ('anon, in w hich tlicTc is a pcTcumial .stream, contains, 
bc'Iow' the Pinon-fVdar zone, a flora of shrub > and trex's.- 

^ buko W’allcis would 1)C coii^'idon**! as a >epurati* hubituT, wen* it not for the fart that this 
paper coiu*crn.s usell pniuanly v\ilh ieptil<‘s. The tloni about it^ shores is (hstiiHtiNt, as is 
also \Xh atpiaOe biota. 

Prof. Thornher has very kindly furiu.sh<*d me wdth the fotlovving list of the more ehar- 
aeteristlc trees ami shrubs tliat oeciu in the lower puit of Saliiuo Cartiiii: Pnjniltis frrmontn 
tvhslizcm, Platnnus rarrmoau^, Qiarcus nhfonyilolni, Qiurcus arizotura, Frannm rehUnxa, Saltx 
rofjrn, Salix hoHnfutuiinnti, ('t'Uis retirunita. Juuhoifi rupcAtna, RhamnuA cnhfornica tumenttUa, 
Vitis anzonira, ihnionnra (’oursttta microphylla. 



Fip 17 CharactenstK* tfiowth of the Cholla in the Creosote hush association on the plairw 
about Tucson, Anz. 'J'tiese Cacti ate frenueiited 1).\ Scrhimrua maf/istrr. 




Ripanon vegetation along the Santa (-ruz River at Tucson, Ariz. Willow-Poplar 
association, Ihe trees are willows ami noplars. This is the habitat of Cncmidophorua gularis, 
Sceloporus clarku ami Uta ormla on the plains. 
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Below an elevation of 3,000 feet a broad inclined bench of stony waste 
leads down from each range to the plain.^ These slopes are elaborately 
dissected by branc'hing arroyos, and are covered by a flora consisting princi¬ 
pally of the Ocotillo, Sotol, Palo verde and various cacti and yuccas, with 
a slight infusion of plains forms (Creosote bush and ('hollas, Fig. 15.) 
The larger arroyos are U-shaped, and contain a flora dominated by the 
Mesquite flanked by the Creosote bush on the slopes. In the smaller ones 
the vegetation is composed principally of the forms of the hills, with a nar¬ 
row' fringe of (iit’s-claw' tree, Palo verde and Mesquite on the immediate 
margin of the stream bed. 





Fiff. 19. Ht*(l of Siiiita Cruz Rivor at Turson, Vriz. (The tree.s have been mostly removed 
from the banks at this place.) Rana ptpieus is found commonly along the margin of this 
stream. 

The plain which lies at the foot of the mesas has an altitude of about 
2,500 feet. It is covered by a loose coarse soil, and sup|K>rts a flora 
dominatinl by the Creo.sote bush and several arborescent Opuntias (Figs. 
1()“17). The former is so abundant and characteristic of the plains in this 
n*gion as to have given to them the name of (ireasewwd })lains. The 
feature differs from the plains at Alamogordo in being drained, so that 
there is no central depression or salinas. 

The plain is traversed by numerous shallow' sandy washes whii'h are 
margincil by Cat’s-claw tree and ^lesquite, but there are but three larger 

» While .similar in structure these detrital formations differ from the alluvial slopes at 
Alamogordo iu that thev have not bifu formed iti the pre.sent geographic cycle. Tlieir origin 
has been discussed by llansome (U. S. tJeol. Surv., Professional Paper, No. 12.). 
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streams in the vicinity of Tucson, the Santa Cruz River, Rillito Creek, and 
Pantano ^^'ash, the last two being tributary to the fonner. The Santa Cniz 
River at this j)()ini is mostly perennial and is attended by three distinct 
floras, (1) an a(|uatic, (2) a juarginal association composed of trees and 
bushes (Willows, ro])lars and various shrubs), Fig. IK, (3) a flood-plain 
flora largely dominated by the Mesquite.^ Nearly the .same floras exist 
along Rillito Creek as along the Santa Cruz River, although modified by 
the greater aridity. The stream is not |X'rennial so that an aquatic flora 
is wanting, and the trees found along the banks are few and scattere<l. 
The Mesquite zone is present, howevtu*, extending from the margin of the 
stream bed veil onto the plains on the one hand, and on the other into the 
larger arroyos on the mesa that flanks the Santa Catalinas. 

Pantano Wash is a wide arnm), dry <luring the summer ex(*(‘pt after 
heavy showers. Rolli the a(|uatic and marginal floras are wanting, but 
there is a narrow ]\Iesquite zone along its banks. The re})tile fauna in this 
habitat was found to be ithaitieal with that of the surrounding plains, with 
which it may be considered. 


List of Sfafiojis. 

Station I. Plain north, e{i‘'t and .south of Tii<».son. 

Substation 1. Plain proju'r. (Veosotc lujsh associatani. (Fi^s. 16-17.) 
Substation 2 Sandy \vashe>. Acacia association. 

Station II, Santa (Vuz River from Tucson to a point about five miles to the south- 
V ard 

Substation 1, The stream A.ssociation of aquatics. (Fig. lU ) 

2 Ranks Willow-Poplar as.so('iation. (Fig. IS ) 

3. Flood plain. Mesquite a.ssociation 

Station III. Rillito (Vt*ek, north of Tucson. 

SiiUstation 1. Stream bed 

‘‘ 2. Ranks. Wilk)w-Poplar a.s.so(*iation. 

3. Flood-filain. Mesquite association. 

Station IV. Mesa and foothills northeast of Tucson Mountains, west of Tucson. 
Substation 1. Hills. Suaharo-Ocotillo association. (Fig. 15.) 

‘‘ 2. Sloi>es. Preo^ote bush association. 

“ 3. lk>ttom of arroyos. Acacia a.ss<)ciation. 

Station V. Alluvial slopes southwest of Santa Patalina Mts., northeast of Tucson. 
Substation 1. Hills. Suaharo-Ocotillo a.ssoeiation. 

** 2. Slopes Preosote bush as.sociation, 

“ 3. Bottom of arroyos. Acacia association. 

Station \T. Lower part of Sabino Cafion. 

Substation 1. Sfream As.sociation of aquatics. 

“ 2. Bottom of Pailon. Willow-Po])lar association. 

1 Moat of the arable land in this rt'^ion alone the Hanta Cruz River, and about Tucson, the 
original plants have been mostly removed so that this zone may now very appropriately bo 
called the zone of ciUtivated weeds, as suggested to me by Prof. Spalding. In our collecting, 
however, w^e confined our attention to localities where original conditions still prevail. 
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Annotated List. 


SAIJENTIA. 


Scaphiopus couchii Baird. 

Scapfnopus couchii Baiut>, Proc. Acad Nat. Bci Phila., 1854, 62.— Baiud, 

U. 8. and Mex. Bound. 8iirv., II, 1859. 2S.— (.'ope, Proc. Acad. Nat. 8ci. Phila., 
1863, 52.— (V)PE, Bull. V. S. Nat. Mus., I, 1875, 32.— ''BnorcHi, Miss. 8ci. Mex., 
Batr., 1881. 26.”— Boui.engkk, Cat. Batr. Salient. Brit. Mus., 1882, 434-435.— 

V. AHRow, Bull. I'. 8. Nat. Mu;?., XXIV", 1883, 25, 177.--“ Beldixg, West Am. 
Sci.. Ill, No. 24, 1887, 99.”— Cope. Bull. I". S. Nat. Mus., XXXIV, 1889, 301- 
302.— V.\N DEXBtrHGH, Proc. Calif. Acad. Sci , Ser. 2, V, 1805, 558-559.— Dick- 
KUsoN, The Prog Book. Pl06. 57-59 

Scaphiopu>t varitis Cope. Proc. .Acad Nat. Sci. Phila.. 1863. 52-53 .—Cope, Bull, 
r. S. Nat. Mus., XV'II, 1880. 29, 44. 46.—“ Bkoccht. Mis.s. Sci. Mex., Batr., XXIV", 
1881, 27.” 

ScaphwpuH rarius vnrius Cope, Ihill. I". S. Nat. MuvS.. T. 1875, 31.— Y.akrow, 
ilnd„ XXIV, 1883, 25, 177. 

Scaphiitpus ('(tuchii rarius Cope, Proc. Acad. Nat. Sci. Phila., 1866. 313.— 
''CivimAN, Biill. K'^scx Inst., XVI, 18S4. I, 46.”— Cope, Bull. U. S. Nat. Mus., 
XXXII, 1887, 12. 

Locality .— A ninnher of sjiorimen.N of this Spadefoot were taken at 
Tucson, where it is apparently a common form. 

Description of ^Specimens .— These .specimens have* the coarsely tiiber- 
eulate skin, obscure parotids and rather distinct tym[)anum characteristic 
of 48 . couchii. Color above' dull brownish yellow to brij^ht greenish yellow, 
with an irregular network of bro\Mt bars. These may be broad and fewer 
with bnaul inter.spac(‘s, or narrow anti numerous with .smaller light inter¬ 
spaces. Tul)ercles on the back (except between the liind limbs) black, 
those on the sides, and on the back between the hind limbs bright greenish 
yellow. Color of limbs above, as the dorsal surface except that the tlark 
markings are roughly arranged as cros.s bars. Under surfaces white. 
Outer sole tubercle and occasionally the tips of the fingers and toes brownish 
black. Throat of the males not black, 

Hahiiai Relatunus .— Six individuals (three Hiales and three females) 
of this toad were found in a small pool on the flood-plain of the Santa Cruz 
River (Mesquite association), on August 1 . They were breeding, and dur¬ 
ing the fertilization of the eggs the female was clasped firmly about the 
inguinal region by the male who kept up a constant singing. The pool was 
small and shallow, owing its origin to a few showers that had occurred pre¬ 
vious to this date, one the night before. Five days later the pool had be- 
•come entirely dry and hundreds of tadpoles were dying in the mud. 
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The transient nature of the water bodies on tlie plains makes it necessary 
that the immature stages of the amphibians of this habitat be brief. Prof. 
Thomber has mentioned the fact that the larval period of Bufo alvarius is 
short (p, 506). In the case of an unidentified species of toad found at Tucson 
I noted that the transition from tadpoles with a complete tail and the hind 
limbs but partially developed, to small toads which had acquired a terres¬ 
trial life, took place in 10 days. 

Bxinge, — Scaphiopis couchii has bt^en taken in central Texas, in the 
Proplateau region of Arizona, and in I^ower California. 


Scaphiopis couchii Baird. 


Habitat 


I Field I 

! No. j 


Locality 


When 

Collected 


Collector 


Re¬ 

marks 


Mesquite Assn, j 621 

! 

I 622 

“ I 623 

“ I 624 

I 62.5 

1 626 

“ I 640 

! 641 

i 1046 


Tucson, Ariz. 

Flood plain of Santa 
Cruz river at Tucson 

(f 

i( 

it 

if 


Deposited by toad No. 

625 in captivity 
Tucson, Arizona 


Aug. 1-4)6 

a 

it 

it 


Aug. 25-06 


A. G. Ruthven j Adult 

it I it 

I 

tt , ft 

it tt 


G.von Krockow; 

A. G. Ruthven i ** 

1 


J. J. Thomber ( Adult 

i 


Bufo cognatus Say, 

Bufo cognatus “Say, Long’s Exped. Rocky Mts., II, 1823, 190 ,”—-J“Hol^ 
BROOK, North Am. Herp., V, 1842, 12.”— Baird & Girard, Marcy’s Explor. Red 
River, 1853, 213-214.— Baird, Rept. Pac. R. R. Surv., X (Whipple-Ives Route), 
1859, 44.— Baird, U. S. and Mex. Bound. Surv., II, 1859, 26.— Cope, Bull. U. S. 
Nat. Mus., XXXIV, 1889, 275-277.— Cope, Proc. Acad. Nat. Sci. Phila., 1892, 
332.— Cope, Am. Nat., XXX, 1806, 1016.— Dickerson, The Frog Book, 1906, 
99-102. 

Bufo lentiginosus cognatus Cope, Bull, U. S. Nat. Mas., I, 1875, 29.— Yarrow, 
Wheeler’s Surv. West of 100th Mend., V, 1875, 521.— Yarrow, Bull. U. S. Nat. 
Mus., XXIV, 1883, 23, 165. 

Locality. — This s):)ecies is a common form about the irrigating ditches 
at Tucson. 

Description of Specimens. — The three specimens obtained are typical 
of the species. The head is short, the muzzle very blunt and high^ and the 
cranial crests diverge posteriorly from a bony protuberance situated between 
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the anterior part of the orbits. Back of the eyes each of these ridges is. 
met by another which extends between the parotid gland and the eye to the 
tympanum. Inner and outer sole tubercles present, the outer much the 
larger, both with free cutting edges. The ground color in two specimens 
is pale yellowish gray, that of the third, dark brown anteriorly, becoming 
yellowish gray on the hind quarters. Muzzle variously barred with verti¬ 
cally elongated spots. An elongaUnl spot over each eye. Two to four 
small spots between the anterior end of the parotid glands, followed by two 
pairs of laiger and one pair of smaller, oblique spots on either side of the 
pale vertebral line. Limbs with similar dark sp)ots, those on the posterior 
face of the leg forming two or three well defined cross bars. Under surfaces 
yellow, unspotted. Digits of the fore and hind limbs tipped with very 
dark bro^m. ' 

Habitat Relaiixms .— This toad was commonly found at dusk about the 
irrigating ditches, but not elsewhere. 

Range .— Bufo cognains is found on the Proplateau in southern Arizona 
and occurs on the Great Plains as far north as Nebraska, and eastward ta 
eastern Kansas. It has also been recorded within the Rocky Mountains 
(Fort Garland. Colorado). 


Habitat 


Bnfo cognains Say. 

nI** cSSted ! Collector 


Irrigating ditch, Creosote 
bush Assn. 


n 

it 


604 ' Tucson, Arizona 

1047 ! 

1048 I 


July 29-06.' A. G. Ruthven 
Aug. 25-06 1 J. J. Thornber 


Bufo alvarios Girard, 

Bufo a/mnw« Gir.\rd apud Baird, U, S. and Mex. Bound. Surv., II, 1859, 26.*— 
Cope, Bull. U. S. Nat. Mus., XXXIV, 1889, 265-267.— Cope, Am. Nat., XXX, 
1896, 1014.— Dickerson, The Frog Book, 1906, 106-108. 

Locality ,— One a<lult specimen (No. 1037) and three tadpoles of this 
toad, taken in Sabino Cafion, w^ere presented to the party by Prof. TJiornber. 

Description of Specimen ,— The adult specimen conforms closely to the 
descriptions given by Girard, Cope and Dickerson. The size is large (total 
length 147 mm.). Skin smooth, wHth a few% rather small, rounded warts 
scattered*over the dorsal surface. The nostrils are large, oval and lateral. 
A bony crest extends backward from the nostrib and bifurcates in front of 
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the eye; one branch extends downward in front of the eye, the other, encir¬ 
cling the orbit above, rt'aclies the ear and again divides to embrace the upper 
part of the typanum. 

The t}Tiipaninn is a large vertical oval. The parotid glands are large, 
oblong in form and v(‘ry divergent. They begin a short distance behind 
the eye and extend to a point above the axillary pit. There is a single large 
elevated gland on tlu* outer aspect of the thigh, a longer one (that is partially 
constricted into two) on the j)osterior face of the leg, and a long but less 
elevated one on the outer side of the forearm. Posterior to the angle of 
the mouth is a large wart ])receded by two or three smaller ones. 

Tw'o large j)alm tubercles. Palm covc'red with small tubercles, a larger 
one at tlu^ base of the second ])halange of inch digit. Upper surface of 
fore foot covered by minute tul)ercles. Both inm^r and outer sole tuber(‘les 
present, the inner much the larger. 

Habitat Relations .— Professor Thornber has kindly furnished nu* the 
following account of the habits of this toad: ‘Tt is abundant in Tucson and 
on the UniATrsity cainj>us. ()ne usually s<‘es the toads a few* days befon^ 
the beginning of the suniincr showers, and their pr(\s(*n('e is taken as a sign 
of rain. Seldom do(‘s one them during dry pmiods. liiey may, how¬ 
ever, be observed about irrigation dittiies and in irrigate<l land any time 
during the growing season. 

**With the first heavy summer shoAvers, as a result of which water Avill 
stand in jwols, these frogs ai)}>ear in ai»undance and lay eggs Avhich hatch 
A'ery soon; the yemng pass in a remarkably short time through the tadpole 
stage. I do not think it is more than a month’s time from the egg stage to 
the time Avlieii the young toad hops aAvay Avith l)is tail nearly absorbed. 

‘‘The particular specimen Avhich I gaw you Avas colkn^ted in Sabino 
Canon, St. Catalina ]\Its., in June (about the 15th), 1003. A .small stream 
of w^ater came doAvn from the mountains as the n^sult of rain above, and 
the.se toads appeared in abundance pairing almost immediately. On that 
day every female Avas laying eggs. The eggs Avere laid in the clear .stream 
of water, Avhich Avas perhaps a foot to eighteen inches deep. I as.sure you 
there was no lack of noise that day nor night, the croaking being ince.ssant. 
I have also seen it at Oracle, Ariz., Avhere it gets into the sheep troughs and 
cau.ses more or less trouble.'^ 

JBangre.—This seems to be the third locality recorded for this toad. 
The locality of the type is given as “Valley of Gila and Colorado’’ by Baird, 
and as “Fort Yuma, Calif.,” by Cojie. Miss Dickerson has recently re¬ 
corded it from Phoenix, Arizona. 
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Biifo punctatus Baird & Girard. 

Bujo 'punetalus Baird, Proc. Acad. Nat. Sci. Phila , 1852. 173. — Hallowfxl, 
Sitgreaves’ Exj)ed. Zuni and Colo. Kiv., 1853, 143, 147.— Girard, Proc. Acad. 
Nat. Sci. Phila.. 1854. 87.— B.aird, U. S. and Mcx. Bound. Surv., II, 1859, 25.— 
Hkkrmann apud Hallowell. Kept. Pac. K. R. Surv., X (WillianiKon'H Route), 
1859, 25.— Cope, Proc. Acad. Nat. Sci. Phila.. 1866. 313.— Cope, Bull. V. S. Nat. 
Mus., I, 1875, 29.— Yarrow, Wheeler’s Surv. West of l(K)th Merid., V, 1875. 523.— 
Cope, Hull. V. S. Nat. Mus.. XVII. 1880, 4, 29, 46, 47. — Yarrow, ibid., XXIV, 
1883. 22 and 162. “ Cope, ibid., XXXII. 1887, 10.— “ Belding, We.st Am. Scientist, 
III, No. 24, 1887, 99.”- (V)pe. Pror. C. S. Nat. Mus., XI. 1888, 395.--^ Cope, Bull, 
r. S. Nat. Mus.. XXXIV, 1889, 262“2G1.— Ste.ixeger, North Am. Fauna, No. 3, 
1890, 117.; ibid.. No. 7, 1893, 219.— Vw* Dkxbghgh, Proc. Cal. Acad. Sci.. vSer. 2, 
V. 1895, 559-560. -(’ope, Am. Nat., XXX. 1896. 1012.— Stone Rkhn, Proc, 
Acad. Nat Sci. Phila.. 1903. 34 — Dickerson, The Frog Book, 1906. 19, 110-112. 

Byfo biidimjxi Yarrow, Proc. U. S. Nat. Mus., IV, 1882. 441.— Y\rro\v. Bull, 
r, S. Nat. Mus.. XXIV. 1883, 23, 163. -“Bki.dino, West Am. Scientist. Ill, No. 
24. 1887, 99.” 

LoeaJiip .— A single specimen (No. 87) <»f this toad was found on the 
str(‘ets of Alamogonlo, X. M. 

Desert pi ion of Speeinten. - The structural characters of the single s)X‘ci- 
mcn obtained arc entirely typical of this well defined species. The color 
of the dorsal surface is grayish ash with .small scattered black spots, mostly 
groupt'd about tin* bases of the warts. Warts yellow, tipped with red. 
Ventral surface yellouish, the breast and siil)ma.\illary region spotttsl with 
black. 

IJahifnt Relafitnis .— Tins sjieeimen uas found after dark on the bank 
of an irrigation ditch. Rt'hn and Vien*ck * twk two specimens at a sjiring 
in Dry Cafion. It is possibly a canon form which has extended its range 
onto the desert floor by way of the irrigating ditches. 

Range .— Rnfo puneintus occurs in the Proplateau and ^Mexican Plateau 
regions, liaving been rei’orded from New Mexk‘o, Arizona and northern 
Mexico. On the eastwaril it extends into central Te.xas, ami on the west¬ 
ward to southeni Califoniia and throughout the length of the peninsula 
of l/ower California. So far as I know it has not thus far been taken in 
th(' Sonoran Desert. 

Bulo lentiginostts woodhoosii Girard. 

Bujo dorsalis Hatxowkll, Proc. Acad. Nat. 8ci, Phila,, 1852.181.—^ Hallowell, 
Siigreaves’ Exped. Ziifli and Colorado Rivers, 1853, 142. 


Proc. Acad. Nat, Sci. Phila., 1903, 34. 
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Bufo woodhousii Gihard, Proc. Acad. Nat. Sci. Phila., 1854, 86.— Baikd, U. 
and Mex. Bound. Sun^ey, II, 1859, 27. 

Bufo frontosus Cope, Proc. Acad. Nat. Sci. Phila., 1866, 301. 

Bufo lentiginosus frontosus Cope, Bull. U. S. Nat. Mus., I, 1875, 29.— Yahkow, 
Wheeler's Surv. West of KK)th Mend., V, 1875. 520.-— Coues, ibid,, 627-628.— Cope,. 
Proc. Acad, Nat. Sci. Phila., 1883, 14, 15. — Yarrow, Bull. U. S. Nat. Mus., XXIV^ 
1883, 23, 165. 

Bufo krUiginosus woodhousii Stejneger, North Amer. Fauna, No. 3, 1890, 
116-117; ibid., No. 7, 1893, 221.—Dickerson, The Frog Book, 1906, 91-93, 

Locality, — Twelve specimens of this toad were taken in the villa|(e of 
Alamogordo in July. lake its eastern representatives, B, hntiginosus and 
americanus, it was the common toad in the localities in which it w'as found. 

Description of Specimens. — As has been stated by various \\Titers it is. 
difficult to point out characters that will distinguish the western form known 
as variety woodhousii from the eastern B, americanus. In general it may be 
said that the cranial crests are more nearly parallel in woodhousii^ but they 
are little divergent in americanus and occasionally slightly divergent in 
woodhousii, so that this character alone cannot be relied upon. Probably 
the best character is the shortness of head but in the Alamogordo sj)ecimens 
this is not as great as given by Dickerson (one-fifth of length), but may be 
as low as one-fourth, a proportion often sho^Mi in americanus. 

Colors light. Ground color grayish or yellowish brown often spotted 
with black. These spots may be either rather large and confluent or re¬ 
stricted to the bases of the warts. A whitish, grayish, or dark yellow 
vertebral line more or le.ss irregular in some s|XH*imens. Ventral surface 
light yellow, immaculate, except for a few small black sjx>ts between the 
front limbs. Throat of male black. 

Habitat Relations. — All of the specimens of this toad w’ero taken in the 
evening along the irrigating ditches in the Mesquite association on the 
plains. As in the ease of B. punctatus, the natural habitat of var. wood¬ 
housii is probably the canons in the mountains, where moisture is more 
abundant, and it can be considered to have extended it.s range out onto the 
plain with the advent of the irrigating ditches. Nothing seems to have 
been recorded as to the habits of this toad. As in the ease of B. amsricanus 
beetles make up the bulk of the fcKxl, as is shown by an examination of 
stomach contents. Another important article of food is the grasshop[)er. 
Doubtless spiders and caterpillars also form a part of the food as in the 
case of the eastern form. 

During the intense heat of the day these toads were not seen, but about 
dusk they came out in numbers along the shallow ditches, especially near 
street lamps. 
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Range .— This is the common toad of the Great Plains and Great Basin 
region. It is recorded from Montana, Nebraska, Kansas, Wyoming, 
Colorado, Utah, New Mexico, Arizona and Texas. It is very evidently 
the western representative of the B. lentiginosus and americanus group, 
but until the relationships of these forms have been worked out, the boun¬ 
dary of their resjxictive ranges cannot be established. 


Habitat 


Field 
! No. 


Bufo lentiginosus looodhousii Girard. 
Localit\^ 


When 

Collected 


Collector 


Near irrigating 
ditch. Mes¬ 
quite Assn. 


145 


249 

250 

251 

252 

253 

254 

255 
250 

257 

258 
286 
287 


Alamogordo. New Mexico July 9-06 i V. Spalding 

I 

“ July 13-06 ! A. G. Ruthven 


J\ily 14-06 


Hyla arenicolor Cope. 

Ilyla arenicolor Cope, Jour. Acad, Nat. Sci. Phila., 1866. 84.— Cope, Proc. Acad. 
Nat. Sci. Phila., 1866, 301.— ('ope, Bvill. U. S. Nat. Mus.. XVII, 1880, 47.— Bou- 
LENGEH, (7at. Batrach. Salient., 1882, 37.3.— Yarrow, Wheeler’s Surv\ West of 100th 
Mericl., V, 1875, 524.— (Wes, ibid,, 030.— Cope, Bull. U. S. Nat. Mus,, XXXII, 
1887, 14.— Cope, Bull. U. S. Nat. Mus., XXXIV, 1889, 369-370.— Stejneqer, 
North Amer. Fauna, No. 3, 1890, 117-118.— Cope, Am. Nat., XXX, 1896, 1014, 
1021, 1022.— Stone, Proc. Acad. Nat. Sci. Phila.. 1903, 539.— Dickerson, The 
Frog Book, 1906, 122-123. 

hyla a/finis Bairo. Proc. Acad. Nat. Sci. Phila., 1854, 61.— Baird, U. S. and 
Mex. Bound. Surv., II, 1859. 29. 

Hyla copei BornicNGER, Ann. and Mag. Nat. Hist., (5), XX, 1887, 53.; ibid. (6), 
I, 1888, 189. 

Locality .— Professor Thoniber presented tlie party w ith two si>ecimens 
of this sjx'cies, which he secured in the lower part of Sabino Caiion, Santa 
Catalina Mountains, Ariz., May 23, 1903. 

Description of Specimens .— These specimens are typical in having a 
rough skin, prominent disks on anterior and posterior digits, broad flat 
head, and no webs on the anterior digits. Hind limbs long. Eye small. 
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The color cannot now I)c detcnninecL Sevi»ral rows of dark l)lot(*hes are 
discernible on the back, and the hind limbs are crossed by short, broad 
bands of darker. 

Habitat Relations .— These s})ecimens were found among the bushes 
on the floor of the canon, Willow-Poplar association. No otlier observations 
have ap})arently been reconh'd on the habitat of this species. 

Range .— Ilylu arcnirolor is a]>parently ])rincipally confined to tlie Mexi¬ 
can Plateau and Proplateau regions. Coj)e states that it is found as far 
south as Guanjuato, ^Mexico; the accurate northern records are Wliile 
River ('anon, Tucson, Ari/., and Fort Wingate and Saute Ft\ N. M. The 
latter records seem to indicate that it reaches the summit of the High 
Plateau. 


Rana pipiens Schrrhrr.^ 


Locality. — Taken in the h)wer part of Sabino (\ulon and along the 
Santa C'ruz River lu'ar TucM)n. 

Description of Specimens. — Size of .spcGracns small, mostly below’ 45 
mm. Only two obtained which reached a length of 55 mm., and none 
seen, that w^re noticeably largtT. 

Most of the specimens in th(‘ collection are light gretmish gray above, 
with two irregular rows of light l)row*n spots above and about tw'o b(*low 
the^ dorso-lateral fold. A few’ art* dark brown above with black sjK)ts. In 
the'lighter individuals the limbs are light grayish ash, in the darker ones 
brownish ash to light brown. The markings on the hind limbs consist of 
cross bars on the thigh, leg tind foot, and in’egular markings on the })osterior 
face of the thigh. On the fore limbs there is a short longitudinal bar on 
the anterior face of the forearm near the shoultler, a patch just above the 
point of the elbow, aiul three or four short cross bars on the anterior fact* 
of the forearm, ruder surfaces white or yellowish white, immaculate. 

Habitat Relations. — Owing <o its atjuatic habits it is to bt* cx[M*cted 
that the habitat of this species would be very limitt'd and shar|)ly defined 
in an arid region. S}>ecimens were ordy found about the margins of pools 
and irrigating ditch(*.s in th(* valley of the Santa Cruz Rivc*r, and along the 

1 Miss Dickerson finds it iinpossihlt. at present to recognize uiiy subspecies in t’lis wide- 
ranging and vuriaiik* snccics. She suins up tlie situuUon us follows* ‘‘'Jlie \uriation of the 
frogs is remarkable, but no fuiubirneiUttl characteristic (.such as proportionate length of head 
and body, leg measurement, etc ) remains .stable when large .Kerie.s of frog.s from adjoining 
districts are examiiu‘<l. KaNtern specimens are likely to be green or browm, southern and 
w'eatern .M)eciinens are more olten gray. Eastern frogs, espe<'iall.v those that fi'equent the 
salt marshes of the coa-^i, aie mote smooth-skinned and slender, and on the wholo more delicately 
moulded, wdiile southern and western .spe<*imens are iiiueh more robu.st in build, have a rougher 
skin, and attain a largt! size. Tlie material is very confusing. With a smaller series, the sub¬ 
species might have been grained. With a still more complete sene.s, it is pos.sible that tw^o 
or three intergrading varieties of the species pipiem could be recognized. Much systematic 
study of such a .senes of trogs combined with knowledge of their hahits and life histories, could 
alone produce any definite conclusion m the matter.^’ (The Frog Book, p. 171.) 
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stream in Sabino Canon. It is quite common in these habitats, but closely 
confined to the vicinity of the water, a fact which limits the migration routes 
of the species in this region to the water courses.^ 

Range ,— This species, as defined at present, ranges in general from the 
Sierra Nevada Mountains to the Atlantic Coast. 


Rana pipiens Schreber. 


Habitat 

Field 

No. 

Locality 

« 

When 

Collected 


Collector 

Iinniediiite margin 

078 

Bed of .Santa Cruz 

Aug. 5-06 

A. 

G. Ruth veil 

of St roam 

i. 

079 

River at Tucson 


it 

(( 
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4( 

.< 



.( 

OSl 

“ 





0H2 

“ 

(4 

G. 

von Krockow 

. i 

0S3 


t( 



«. 

874 

Bod of Santa Cruz 

Aug. 14-00 

A. 

G. Ruthven 



River simth of 
Tucson 




** 

S7r) 

“ 



ti 


929 

Creek in flood plain 

Aug. 10-00 





of Santa (’ruz 
River .south of 






'fucson 




t. 

9.30 


ii 


ft 

>. 

931 


it 


ti 

.( 

9.32 


it 


it 

1. 

9,33 

“ 

tt 


it 

4 . 

934 

“ 

it 


“ 

(« 

935 

•• 

n 


it 


930 




it 

4 « 

937 

“ 

ii 


it 

(. 

93S 

“ 

.1 

G. 

von Krockow 

«4 

939 

•• 

it 



4 . 

940 


it 


it 

.( 

941 


ii 


ii 

.< 

909 

In lower part of 

Aug. 18-06 

A. 

G. Ruthven 



.8abiiu> CaOon 



<4 

970 

“ 

ii 


“ 
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** 
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<( 
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ti 
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•* 
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“ 
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A, 

F. Zimmer 

it 
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•* 

it 



n 
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4^ 

it 
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992 

ii 


1 

“ 


* In the timbered and prairie reptons of eastern United States this frog is often found a 
mile or more from water, having traveled this «Ustanee througlt damp inulerhrush or long grass. 
Its migration routes in this region are not. therefore, eouftned to iKirticular streams. 
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SAURIA. 

Orotaphytus coUaris baileyi Stejneger, 

Crotaphytus coUaris Ait(.’T. part, nec Say. 

Orotaphytus coUaris var. “Bocourt, Miss. Sci. Mex., Kept., 1874, 3 livr., 155.^^ 

Crotaphytus baileyi Stejneger, North Amer. Fauna, No. 3, 1890, 103~J05; 
itnd.^ No. 7, 1893, 165-166.— Van Denburgh, Occ. Paf)ers, Calif. Acad. Sci., V, 
1897, 63-54.— Stejneger. Proc. U. S. Nat. Miis.. XXV, 1902, 149-150. 

Crotaphytus coUaris haiUyi Stone & Rehn, Proc. Acad. Nat. Sci. Phila., 1903, 
30.— Bailey, North Amer. Fauna, No. 25, 1905, 40.— Meek, Field Mus. of Nat. 
Hist., Zool. Ser., VII, 1<K)5, 8. 

Locality .— Eleven speeimen.s collected near Alamogordo are referred 
to this variety as they all have two rows of interocular scutes. 

Description of Specimens .— In .seven of the tw(dve speeimen.s collected 
the interociilars are in two distinct rows between the orbital regions; in 
four, however (Nos. 124, 125, 415, 416), one pair is fused into a single scute 
(Fig. 20). In the single specimen collected in the foothills, a very large indi¬ 
vidual (No. 295), the scales of the head are so rough that it is im|>ossible to 
determine the arrangement of the interoculars with ctTtainty, but they are 
apparently in two rows. 

The colors of most of the specimens taken on the de.sert floor are strik¬ 
ingly pallid. The ground color above is light ash, light yellow, bluish gray, 
or brown relieved by numerous small, round or oblong spots of very light 
yellow. In some specimens these spots tend to aminge themselves in reti¬ 
culations and break up the ground color into large spots. On the tail the 
lighter color increases to ecjual or exceed the darker which is broken up into 
a row of spots on either side of a median dorsal line. Th<^ characteristic 
collars consist of a pair of black bands on either side of the neck, interrupted 
on the throat and also on the median donsal line. The.se bands are usually 
margined narrowly with light yellow. Belly, under surface of tail, an<l 
throat, light yellow, the anterior part of the latter occasionally marked with 
dark slate colored spots. In one specimen (No. 125) there is a narrow line 
of bright crimson before, between and behind the collars, and numerous 
small spots of the same color on the neck and anterior part of the body. 
In life there were similar neck lines on No. 109, but their color was light 
pink, and there were no sjjots on the body. 

In the single specimen (No. 295) collected in the Sotol-Ocotillo associa¬ 
tion on the slopes the colors are much darker than in the desert forms. The 
ground color in this specimen is light olive, becoming brown toward middle 
of back, and on the limbs and base of tail. The light spots on the body 
and distal end of tail are light yellow, on the leg and proximal half of tail 
greenish. Fore limbs light green. Head dark brown spotted with black. 
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Belly and ventral surface of tail pale greenish yellow. Throat with a cen¬ 
tral, triangular patch of light blue. Sides densely and finely spotted with 
black. 

In the younger specimens the tendency of the light dorsal spots to unite 
into reticulations and bivak up the ground color into large spots, and also 
to form transverse lines is more pronounced. This c*oloration is strikingly 
similar to that of the young of C, wisUzenii, and is retained more perfectly 
in adults of the latter species than in C. coUarh haileyi. 

Habitat Relations .— Merriain states that in the western part of its range 
{southern California, Nevada and southwestern Utah) C. eoUarut haileyi 
is an Upper Sonoran form (Pinon-Ceflar belt) and only enters the upper 
edge of the Lower Sonoran zone. At Alamogordo the conditions are 
exactly reversed, as it was found here' only in the Atriplex assexaation on 
the plains, and in the Sotol-C)cotillo association in the foothills of the Sacra- 
mentos. It is appannitly rare in the latter ha!)itat, wliile not a single 
specimen was taken or ol>served in eitlH‘r the (>rt‘osote bush or Mesquite 
associations. They doubtless ociiir to some extent, however, in botli of 
the latter habitats. 

In the Atrij)lex association, on the other hand, they are not uncommon. 
Here they may be seen on sunny day.s running about on the ground between 
the bushes or occasionally climbing among their branches. When ap- 
proac'hed carefully they will oci^asionally lie very quietly until one is within 
a couple of yards, their colors harmonizing so pei^fectly with the light soil 
that, unless one is awan* of their exacn whemxbouts, it is difficult to detect 
them. They can seldom be a{>proached in this V^ay, however, as they are 
very shy, and usually the first intimation that one has of their proximity 
is a fleeting glimpse of a light colorcni body dashing off across the desert. 
When frightened they run with grt*at swiftness from bush to bush, often 
for several rods, which is in contrast with tlie habits of the smaller lizards 
in the same habitat, which usually stop beneath the first clump of vegeUition. 
They are very pugnac*ious, fighting furiously when wounded, but theur food 
does not indicate as fierct* a natun* as that of C. wislizenii. As far as ob¬ 
served their diet consists <‘xchisively of insects — grasshoppers, beetles 
and locusts being found in the stomaclis of those examined. A lai^e grass- 
hopfxr forms the bulk of the contents of the.se stomachs. 

Range .— Stejneger defines the range of Crofaphytns eollaris haileyi as 
“western New Mexico, Arizona, I’^tah, Nevada, and northern MexicT),“ 
and that of C. rot laris as “ Knnsa.s, Indian Territory, Arkuiisas, Texas and 
easteni New Mexico.^ The s|)ecimens from Alamogordo come, therefore, 
from a region which is supj^nxsed to l>e intermediate Ix'tween the ranges of 
these two forms. We have seen, however, that specimens from Alamogordo 
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are undoubtedly to be referred to C. collaris haileyi, and as most of the Texas 
localities recorded for this variety are to the west of the Pecos Valley, it 
seems that the Pkst Front Ranges mark approximately the eastern margin 
of the range of variety haikijL East of this line of uplift, in the Pecos 
Valley, specimens showing tlie characters of both A^arieties have been re¬ 
corded as well as numerous individuals in which the traits are apparently 
blended in various degrees. It seems, therefore, that it is in a general way 
in the region immediately east of the East Front Ranges in Texas that 
these two varieties of Crofaphytns grade into each other. Since in the 
Rio Grande Valley C. collaris haileyi is apparently not found on the plain 
but in ‘‘the lower part of the canons and the mesas adjoining*' ^ it would 
seem further that this variety pushes down the mountains in western New 
Mexico, and becomes a plains form in the Hueco bolson and Trans-Pecos 
region. It is thus able to intergrade with the eastern variety which is a 
plains form. 

Range .— C. collaris haileyi is a tj'pical fonn of the Proplateau region. 
It apparently does not occur as far west as Tucson in this latitude nor on 
the High Plateau, but follows the narrow strip of mountainous country that 
maigins the latter region, through Arizona and southern Nevada to Cali¬ 
fornia. 

Crolaphytus collaris haileyi Stejneger. 


Habitat 
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‘--“r S",. 
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1 Herrick, Bull, Sci. Lab. Denison Univ., XI. 142. 
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Orotaph3rtufl wislizenii Baird & Girard, 

Crotaphytus gambetii Baird & GiiiAun, Proc. Acad. Nat. Sci. Phila., 1852, 126.— 
Baird & (iirard, Marcy’s Explor. of Red River, 1854, 205. 

Crotaphytus fasciatus Hallowell, Proc. Acad. Nat. Sci. Phila., 1852, 207-208.— 
Hallowell, Sitgreaves’ Exjxh]. Zuili and Colo. Riv., 1853, 115-116, 145.— Heer- 
MANN apud Hallowell, Kept. Par. R. R. Surv., X (Williamson’s Route), 1859, 24. 

Leiosaurm halhwelhi “Di m^iril, .\reh. .Mus., VIII, 1856, 533.” 

Crofaphytm copei Yarrow, Proc. U. S. Nat. Mus., V, 1882, 441.— Yarrow, 
Bull. U. S. Nat. Mus., XXIV, 1HS3. 953. 

Crotaphytus u'^islizenii Baird & Girard, Proc. Acad. Nat. Sci. Phila., 1852,69.— 
Baird <fe Girard, Stansbury’s Kxped. Great Salt Lake, 1852,340 — Hallow eld, 
Sitgreaves’ Exped. Zufii and (’olo. Riv., 1853, 145.— Baird & Girard, Marcy’s 
Explor. Red River, 1854, 205. --Baird, Rept. Pac. R. R. Surv., X (Beckwith- 
Gunnifion Route). 1857, 17.— Baird, U. S. and Mex. Bound. Surv., II, 1859, 7.— 
Baird, Rept. Pac. R. R. Surv., X (Whipple-Ives Route), 1859, 37. — Cooper, 
Rept. Pac. R. R. Surv., XII, Book 11, Part III, 1860, 294.— ^‘Cooper & Suckley, 
Natural History of Wa.shington Terrifor^^ 18fK),” — Cope, Proc. Acad. Nat. Sci. 
Phila., 1866. 303. -‘Mlocorur, Miss. Sci. Mex.. Rept., 1874, 155.”- Cope, Bull. 
V. S. Nat, Mus.. I, 1875, 48. - Y ^ruow, Wheeler's Surv. West of l(K)th Merid., 
V, 1875, 566*567. - (^>^Es, i7)wi,, 599.— Cope, Proc. Acad. Nat. Sci. Phila., 1883, 
14, 15, 18. - Yarrow, Bull. U. S. Nat. Mus.. XXIV, 1883, 9, 53.— Bovlenoer, 
Catalogue of Lizards in British Museum, II. 1885, 204.— Stejxeoer, North Ainer. 
Fauna, No. 3. 1890, 105; ibid.. No. 7, 1893. 107-169.— Cope, Am. Nat., XXX, 
1896, 1013, 1015, 1018.— Van DENHi ium, Proc. Cal. Acad. Sci., Ser.. 2, V, 1896, 
1(K)4; ibid., Sor. 2, VI, 1896, 339. -- Van nENBiutOH, Occ. Pajiers (^alif. Acad. Sci , 
V, 1897, 56 59.— Herrick, Terry a Herrick, Bull. Sci. Lab. Denison Cniv., 
XI, 1899, 140-141. - Cope, Kept. C. S. Nat, Mus., 1898, (1900), 255-261.— vStone 
& Rkhn, Proc. Acad. Nat. Sci, Phila., 1903, 31.— Brow n, Proc. Acad. Nat. Sci. 
Phila.. BK)3. 545, 552.— lUiLKy. North Amer. Fauna, No. 25, 1905, 40.— Meek, 
Field Mus. of Nat. Hist., Zool. Series, VH, BM)6, 8-9. 

Locality. ™- F'oiir .sjM'ciincn.s of the Loo|>iir(l Lizard were taken near Alamo¬ 
gordo, N. during July, and ttui near Tucson, Ariz., in the fulUnving 
month. In the fonner lo(‘uIity it appears to be rare, for tlie four specimens 
.secured were all that wen* observtsl. About Tu(*son, however, it is not an 
uneommon form. Hiese notes would indicate that C. widizenii is much 
inoiv abundant in the western than in the easteni j)arts of its range, wdiich 
seems to Im* the true state of affairs, for several writers have noted its alum- 
dance in western Arizona, Nevaiia, .southeni Utah, and eastern Califoniia,* 
while hut few' s|>e(*imens have In'en rewrdwl from eastern New' Mexic*o and 
w^estem Texas. 

Dcscriptmi of Specimenff .— In genenti the coloration of our spi'cimens 


» Bnird, Kent. Pac. R. H. Surv., X (Beckwith-Gunnison Route), 17. 
Yarrow, Wbeeler*.s Surv. West of lOOth Merid., V, 566, 

Merriam apud. Stejneger, North Amer. Fauna, No. 7, 167-169. 
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of C. undizenii may he described as follows: Above four longiiutiiial rows 
of dark spots (the median two the larger) on a lighter ground. These rows 
of spots extend from the head to the tip of the tail, and are divided into cross 
rows by light yellow transverse bars. On the distal end of the tail the 
spots fuse to form dark bands that entirely siirroiuni the tail and are sepa¬ 
rated from each other by narrow bands of light yc’llow. Each individual 
spot is surrouiKU'd by a eirenlar mesh of \ery small light yellow spots that 
join together to form a network over the dorsal surface, the eoimnon side 
of the meshes that surround the two larger median rows uniting to form a 
single, narroAv, dorsal liiu'. I'he hind limbs are spotted like the body and 
are also erossetl transversc'Iy by light yellow bands. The fore liml)s have 
the ground color of the body and tend to have a similar coloration but the 
markings are usually not distinct. Belly white, usually marbled with dark 
slate on the sides. 'I'liroat also white, and marked with distin(‘t longi¬ 
tudinal bands of tlark slate. 

Although the pattern is seldom as regular as this the imlividual variation 
is not as great as might be expected. The mcKlifications are usually in the 
form of interruptions of the transver.se bars, which generally occur b<*tw<‘eu 
the two lateral rows of small spots on either side, and on the dorsal li*ie 
between the two rows of larger spots. \Vh(*n the cross bands are thus 
interrupted the sections are usually <lispla(‘ed, and alternate with each other. 

The differences in color due to age an* much grt^ater than the imhvulual 
variations. In young sj)ecimens the coloration is of tht^ getu'nd ty|K" de¬ 
scribed above, subje(‘t to indivi<lual modifications. The ground (‘olor of 
the body is grayish slate, becoming light brown toward the middle of the 
back and on the head. 'J'he dorsal spots are dark red, usually partly 
surrounded, chiefly on tla* posterior margin, with very dark brown. The 
cross bands, w Inch are orange y(‘]low% are broad and very distinct, and the 
spots that compose the finer reticulations an* so close together as often to 
form narrow’ lines. The grayish color of the head is relieved liy small dark 
brown spots, and irregular bamis of yellow’ that tend to connect over the 
lips w’iththe light spaces between the dark longitudinal bunds on the anterior 
part of the throat. 

As the individuals Ix'come older the ground color becomes light brow’n, 
the sides remaining the lighter, the individual spits of the finer reticulations 
become more distinct, and tin* light bands on the head disappear. Later 
the cross bands break u}) into small s])ots and lose their distinctness from 
the finer reticulations. In sjiecimens of this typ' the large dark sjxHs have 
usually increased in number (a])parently by division), and have lost their 
serial arrangement. 

In very old specimens the ground color is brownish gray, and the back 
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is eoveml with many, relatively small, dark brown spots between which are 
very numerous small white spots without definite arrangement. Each 
scale of the hea<l has a dark brown center and is margined with white. 
During all of the changers in color during life the pattern on the tail is but 
little modified. 

Jlabitaf Relations. — Alamogordo. It is impossible to define the habitat 
of the Leopard [wizard at Alamogordo with certainty on account of its rare¬ 
ness in that locality. It was only found in the Creosote bush association 
on the alluvial slopes. The stomach contents of the specimens examined 
from this locality consist largely of insects; a large grasshop[X*r constituting 
the bulk of the f(K>d. 

At Tucson C. udsfizrnii is (juile common although not as abundant as 
dnemulophorus melanostethus or Seeloponts mugistcr. Like these forms it 
occurs everywhere in the Chvosote bush association on the plains, and is 
thus with^ly distributed. It is also found (although appai*eiitly in less 
abumlance) on the flood-plain of the smaller streams (Rillito Creek and 
Pantano ^Vash) whert' the Mesquite, which is the dominant plant in this 
habitat, d(K‘s not attain a gn\'it development, and the vegetation is only a 
litth' denser than that of the adjoining plain. On the flo(Kl-plain of the 
Santa Cruz River, it only ranges into the margin of the [Mesquite associa¬ 
tion which lu‘n* forms dense thickets and foivsts. It was nowhere found 
iti the Sualiaro-( >cotillo association on the slopes, although Merriam^ states 
that it ranges to some extent upward into the Upper Sonoran zone, in 
southern (\diforniu. The cxt<'nt to which it occurs on the tlesert ranges 
in this region is as yet a <jtu‘stion, but its principal habitat is unquestionably 
tiu' ('reosotc bush association of the plains. 

Contrary to the stati'iiients of Merriam and in accordaiu'e with the 
not<‘s on the Alaiiiogonlo specimens the principal food found in the stom¬ 
achs of the lA'opanl Lizards taken about Tuc'son indi(*ato that they are 
chiefly carnivorous and ins(*etivoroiis. A small piece of vegetable matter 
was found in the stomach of one young specimen, but the contents of all of 
the other stomachs examined consist ft)r the most part of insects, such as 
grasshof>pers, robb(*r-flies and beetles. In several instances other liziirds 
had b<»en eaten, ami the remains of Cnemidophonis me/anosfetlms, Scelo- 
jxnus macfisfrr, ami young specimens of (\ wislizenii were found in the 
st«)machs of the larger specimens. Sttqneger^ states that he removed two 
full grown iiidividuals of Via sfanshnrintm from one sjx'cimen, and a full 
grown horned toad ami a young (\ wislizenii from another; while [Mr. 
Fisher® also discovered one in the act of swallowing a Scrloponis. The 

’ North .^mer. Fauna. No. 7, 168. 

•North Aniiu. Fauna, No. 7, 167. 

3 North Aim*r. Fauna, No. 7, 168. 
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ferocity of this lizard is indicated by the fact that adult individuals of Cnemi- 
dophoms melanosieihvs are eaten. 

Range. — The distribution of C. 'ivialhenii corres])onds closely to that 
of (7. collaris haileyi, as it is found in the Proplateau iv^ion from the East 
Front Ranges in Tc'xas through southern New Mexico and Arizona U) 
southern California (occurring to some extent on the western slo})e of the 
Sierra Nevadas)/ and northward through southern and western N('vada 
to southeni Oregon and Idaho. 


Crniaphylus wifilizenii Baird 

6: (Hrard. 


Habit at 
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(\)llect or 

Creosote Irtish Assn 
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A. F. Zimmer 
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Plains .south of Tue¬ 

A>ir. 17-<)0 

(J. von Kroekow 

Suaharo-Ocotillo Assn. 
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Mesa west of Santa 
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A. F. Zimmer 

Creosote bush Assn. 


(Vuz Hiver 
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Pl.‘ii?i> east of Tu<‘son 

A\ig 22 00 
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Callisaurus ventraUs llalhirrlL 

IIoymlomuruH veutralls 1T\u<c)\vkll. Pror. Acad. Nat. Sei. Phila., 1852, 170- 
180 — Hallowkll, Sitgreiues* JOxfHHi. Ziifii and Polo, Hiv., 1853. 117-118.— 
Heermaxn apud Hullowell, Kept. Pae. It. K. Surv., X (WilliamBons Route), 
1859, 24. 

J Merriani apufi Slrjn<^Kf*r, Noiili Amer. Fauna, No. 7, 168. 
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Calluaurus draconoides Lockington, Am. Nat., XIV, 1880, 295.— Boulenger, 
Catalogue of the Lizards in British Museum, II, 1885, 206.— Cope, Proc. U. S. Nat. 
Mus., XII, 1889, 147.~-Townhend, ibid., XIII, 1890, 144. 

Caliisaurus draconoides gabhi Cope, Bull. U. S. Nat. Mus., I, 1875, 47.— Yarrow, 
ibid., XXIV, 1883. 9, 189.— Cope, Kept. U. S. Nat. Mus., 1898 (1900), 272. 

Callisaurus draconoides ventralis Cope, Bull. U. S. Nat. Mus., I, 1875, 47.— 
Yarrow, Wheeler's Surv. West of l(K)th Merid., V, 1875, 565.— Coues, ibid., 600.— 
Yarrow, Bull, U. S. Nat. Mus., XXIV, 188.S, .5, 51. 

Callisaurus ventralis BAirtu, U. S. and Mex. Bound. Surv., II, 1859, 8.— Baird, 
Kept, Pac, R. R. Surv., X (Beckwith-Ounnison Route), 1859, 17.— Cope, Proc. 
Acad. Nat. Sci. Phila., 1866, 310.— Stejxeger, North Amer. Fauna, No. 7, 1893, 
170~173.— Vav Denburoh, Proc. Calif. Acad. Sei., Ser. 2, V, 1895, 97-99; ibid., 
VI, 1896. 339.— Van Denburoh, Gee. Papers Calif. Acad. Sei., V, 1897, 48-51.— 
Meek, Field Museum of Nat. Hi.st., Zor>l. Ser., \7I, 1906, 7. 

LocaHiy. — The Gridiroii-tfiiled Lizard was found only at Tucson, and 
it is not surprising that a fine series of s|)eeiinens was secured, as it is a CH^m- 
mon and ('onspicuou.s form in that rcigion. 

Desertpfitm of Specimens. — Tliere are some differences in color but not 
much variation in color pattern among the Tucson specimens of Callisaurus 
i^entralis. In the darker sjiecimens the ground ('olor above is brownish 
ash relieve<l by small spots of light yellow or white. These light spots 
may be rather distinct or n(‘arly oh.scun^d. The head is yellowish brown. 
There is nearly always a row of rounded dark spots on' either side of the 
vertebral line, and often a series of indi.stinet, partially confluent blotches 
on the .sides, that are quite distinct in the young. The lateral blotches are 
continued on the ba.se of the tail as a dark horizontal shading, that may be 
broken up into spots wlikli fuse with tho.se of th(‘ dorsal .seriCvS. The latter 
.series are continued onto the tail, tiie adjacent spots of each row' becoming 
<*onf]ijent and intensified in color <listally, to form about six broad, dark 
bn>wn or black cro.ss bars. 'J"he fore limbs and thighs are gencndly indis¬ 
tinctly spotted, and the legs and hind feet cross-banded, wdth darker. On 
the posterior side of the tliigh theix* is a light yellowish line which is bor- 
dt‘nxl below’ by a distinct dark band, and al)ovc by a narrow’ dark line 
formed by the confluence of the dusky markings on the dorsal as{KX*t of the 
limb. 

In the lighter colored specimen,s the pattern on the tail is the same as in 
the darker ones. Th<» markings on the dorsal surfat^e of the limbs may 
also be the same, but are frequently obscure or entirely ob.solete. The 
ground color of the back is gray relieved by numerous minute spots of white. 
The head is dark yellow’ or light brown. In the most pallid individuals 
there are no dark markings above, exeept the usual ones on the tail, and 
very faint indications of dark mottlings on the limbs. The head is cream 
colored, tlie limbs w^hite faintly tinged with yellow\ The ground color of 
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the neck is light browiiisli ash in the form of reticulations enclosing areas 
of pure white. The ground color of the body is the same, but increased 
in amount, so a^s to constrict the lighter markings to rounded areas which 
are lemon yellow on the back, changing to orange yellow on the sides. On 
the base of the tail the cross bars are rather obscure, and separated by lemon 
yellow areas; distally the bars are black .separated by reddish browm inter¬ 
spaces. 

The coloration of the ventral surfaces is the same in both light and dark 
specimens. The inferior surface of the tail and limbs is pure white. Throat 
white or whitish in the females, but in males often suffused with light bluish 
or reddish purple, although occasionally but faintly. It is also usually 
crossed by sevenil oblique, more or less distinct, lines of dusky. In nearly 
all females and in some males there is a gular patch of brilliant pink, and 
another on the lateral region of the bn‘a.st. On the sides of the U^lly in all 
of the males there are two extensive patches of bright blue, broadly sej)ar- 
ated me.sially by white, and containing two long triangular spots of jet 
black. The broadest .side of th(‘.se black spots lies close to the inner margin 
of the blue areas, and from here the blotches rim forwards and upwards to 
the sides, the apices becoming lighter in color and l)l(mding with the dark 
lateral markings, when these are pre.sent. In females the blue patches 
are wanting, and ’the spots are represtuited by a pair of dusky markings 
which may be rather distinct but in most s{x*cimens are not well defined. 
Betw^ecn the bluish patches and the hind limbs in the males, and in the 
corresponding region in the females the color although ocaisionally white 
is usually bright yellow, as are also the sales of the bas(* of the tail, esfH»ciaIly 
in the females. The ventral surfacH? of the tail is white with five to eight 
broad, jet bla<*k markings. These marking.s arc the continuation on the 
ventral suriacc of the cross bands of the upper surface, and each of the 
four or five distal ones are fuse<l with a corresponding one on the dorsal 
surface to form continuous rings; there are usually one to four proximal 
ones, however, which do not extend to the sides of the tail but fonn blotches 
on the median ventral lin<*. Femoral jiores 13 to 24, usual number 17 or 18. 

Habitat Relations .—The Gridiron-tailed Lizard is very common in the 
region about Tucson, but it is not, like C?iemifhphorm melanostethuSf of 
general distribution. It evidently prefers an ojH‘n habitat, for on the mesa 
west of the Santa Cruz River it is found only in the ravines and on the .salt 
spots, while on the plains east of the river it occurs in the .shallow sandy 
w^a.shes. It is so characteristic of the ravines and wa.shes that we could 
almost always depend ()n seeing it whenever the.se conditions were encoun¬ 
tered, W'hile we never observi'd it qlsewhere. 

Owing to their light color, individuals so closely resemble the sand that 
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they are rarely seen until they run. The method of running is grotesque 
but highly effective in covering ground. With the knees and elbows well 
elevated, the body about on a plane with them, and the tail curled over its 
back as if, says Dr. Merriam, “afraid to let it touch the hot surface of the 
earth,” it dashes off across the sand so rapidly that it can scarcely be fol¬ 
lowed with the eye, and stops in plain view with a suddenness and apparent 
ease that is astonishing in view of the speed with which it is moving. When 
at rest its colors again blend with those of the sand, making it exceedingly 
difficult to <lisccni, although one may have in view the exact spot where it 
stopped. In such instances, however, it often betrays itself by waving its 
tail above its back like a plume, which then becomes a conspicuous object 
owing to the contrast betwe«‘n the alternating black and white bands. 

iMerriain * states that “this species fee<ls on insects anti the blossoms 
and leaves of plants in alanit equal proj^ortions; at leu.st such w'as the case 
in the large numl)er whose stomachs were examined.” I am unable to find 
any vegetable matter in the stomachs of Tucson six^ciniens. The contents 
of th<»se examinetl apparently consist entirely of insects — beetles, gras.s- 
hop|XTs, robber flies, and ants (a few) being distinguishable. From the 
stoma(‘h <»f one s|K*cimen, Xo. OIS, a mass of partially digested food was 
removed that may be vegetable in its nature, but it Ls doubtful. 

Several adult females takc^n in August conbdn large eggs. 

Ranfje .— As indicated by its habits at Tucison, i\ venlralis is an arid 
type, and this fact i> further indicated by the nature of the region which it 
inhabits. Its range as defined by Stejneger^ comprises, so far as known, 
“the northern poniou of Ix)wer ('alifomia; the coast of Sonora, Mexico, 
at least as far south as (iuaymas; the desert n^gums of southeni California; 
southern Arizona as far east as Canq) Apache an<l h'ort Buchanan, at least; 
southern and westeni Nevada as far north as Pyramid Lake; southern 
I’tah. where it is nvstricted to the Santa Clara Valley.” In the central part 
of this region — about the lower part of the (\>lorado — the conditions are 
very arid, and th(‘ desert liabitat a more open oi»e. Here the Gridinm- 
taiknl Lizard is probably of general distribution on the desert. To the 
eastwanl, however, the altitude increases gradually, and with this rise in 
elevation the veg(‘tation also increases, and the o]K‘n saiuly areas l>c(H)me 
restricted to the ravines, wasltes and salt spots. These are the condition.s 
that prevail about Tucson, an<l the fact that C. venlralis was only fouiul 
in ofKni habitats in this locality seems to indicate quite clearly tliat it is a 
fonii of the Sonoran De.sert which to the eastward becomes confined to the 
ravines, salt spots and washes, as these alone funii.sh environmenhil condi¬ 
tions similar to tho.se that ])revail in the principal part of its range. 

^ North Aiiier. Fauna, No. 7, 172. 

2 North Amer, Fauna, No. 7, 171. 
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Cal/imvrus ventralis Hallowell. 
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Aug. 9-06 A (1. Ruthven 


inilci north of Lab¬ 
oratory' Hill 



it 

764 

“ 


ti 

765 


ti (. 

it 

766 


». 1. 


767 

“ 

ti ti 

i 

768 

“ 

ti it 

Acacia Assn, j 

773 

Mesa \Ncst of Santa 

a it 



Cruz Ri\er 


it I 

774 


ti it 

“ i 

776 

“ 

a a 

Atriplex A.>sn. 

tt 

781 

Salt spot about 4 
miles north of J.,ab- 
oratory Hill 

“ G. von Krockow 

783 

A. F. ZiiTirner 


823 

Bed of Santa Cruz 

Aug. 12 “06 (j. von Krockow 



Ri\ci 

Acacia Assn. 

834 

Plains north of 

Aug 13-06 A. G. Ruthven 



Tucson 

it 

S43 

Mesa ^^cst (»f Santa 

Aug. 1 M)6 CL voii Kr(K*kow 



C'ruz River 

ti 

S14 ; 


tt ’ If 

ti 

S52 ; 


“ A. F. Zimmer 


i Fem- 
' oral 
‘ Pores 


17-18 


I 14-17 
1 17-18 
: 15-15 

I IS-IK 

' 17-18 

18-19 
18-19 
i 14-18 

, 20 -? 

16-18 
; 17-18 
, 21-21 
' 24-21 

16-10 

16- 15 

17- 17 

16-18 

17-17 

17-20 


18 - 1 « 

16-16 


17- 18 

18- 18 

18- 14 
16-18 

19- 20 
15-16 

18- 19 

19- 21 


21-18 

20-22 

16-17 

16-16 

18-16 

16-19 
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Habitat 

Field 
; No, 

Locality 

When 

Collected 


Collector 

Fem¬ 

oral 

Pore.9 

Acacia Assn. 

853 

Mesa \\'est of Santa 

Aug. 14-4)6 

A. 

F. Zimmer 

17-18 



Cniz River 





854 


n 


iC 

16-17 

a 

855 

*♦ 

n 


it 

1.5-16 

it 

857 

(i 



ii 

18-20 


864 

ii 


A. 

G. Ruthven 

17-? 

a 

865 

“ 



it 

18-18 

a 

866 

(t 

a 


a 

1»-19 

(t 

867 

<4 

n 


“ 

18-? 

(( 

868 

“ 

a 


44 

18-17 

ti 

873 


n 


ii 

17-18 


892 

Plains cast of Tucson 

Aug. 1.5-06 





900 

“ 

C. 

\on Krockow' 

18-19 


924 

Mo^a wc.<t of Santa 

Aug. 16-916 

A. 

F. Zimmer 




Cnr/ River 




i i 

925 

“ 

a 

c; 

von Krockow 

14-16 

i k 

961 

Plains south of 

Aug. 17-06 

A. 

G. Ruthven 

16-17 



Tucson 




4 « 

« » 

962 

963 


(< 


44 

16-17 

24-24 

4 • 

961 

*• 

“ 

A. 

F. Zimmer 

19-20 

4 1 

1 65 





17-18 

Shallow wash 

1(M)3 

Plaineast of Tuc.^on 

Aug. 20-06 


4 4 

15-16 

Itiivinc 

1011 

Mesa west of Santa 

Aug. 21-06 

A. 

G Ruthven 

IS-IS 



('ruz Ri\er 




*• 

1012 




ti 

18-? 

“ 

1013 




“ 

17-18 


1016 


<4 

A. 

F. Zimmer 

17-17 


1017 

U 



“ 

16-? 


Holbrookia maculata flavilenta Co}h\ 

Hoihrookin propaufun C'opi:. Proc. Acad. Xat. Sci. Phila.. 1806, 303. 

Holbrookia mondatn propitopia (\>i ir>. WhetderV Sur\'. West of 100th Mend., 
V, 187.5, 601. 

Holbrookia macvlata flavilnila Proc. Acad. Nat. Sci. Phila., 1883, 10.— 

8tk,ixk<5Eh, North Ainer. Fauoa, No. 3, 1800, 109-110. 

LovaUiy .— Six .s|KH iiiu‘ns of this lizard were secured on the White Sand.s. 
It was (juite abundant in this habitat, but wa.s not found elsewhere. 

Description of Sptunmenn,-—lAkc (he other lizards taken on the White 
Sands, these Ihdhrookins are remarkably light colored, thei*e being no dorsal 
bloteh(\s as in 77. m. approximantt. 'Phe specimens obtained art' nearly 
pure white with two jet black, cresct'iitric, lateral s]X)ts whieli are placed 
slightly farther forwanl than in appfvximansj the foremost lying under the 
point of the elbow in (he former, generally behind it in the latter. These 
slight differtmcc's serve to ally the White Sands specimens with H, m. 
ftavUmta and to distinguish them fn>m JI. m. npproximans. 
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In one specimen (Xo. 113) the color of the dorsal surface is uniformly 
grayish white, exce})t for faint traces of dusky on the hind limbs, sides of 
head, and base of tail, and numerous faint spots of orange yellow that at a 
distance give a slightly pinkish appearance to the body. The head is light 
golden yellow above. There is a faint jnnkLsh line extending from the outer 
eanthus along the sides of the body and base of the tail, and another from 
the angle of the mouth to the groin, which is continued along the inner and 
outer sides of the thigh and base of tail. Belly creamy white, immaculate. 

Two other sjKTimens (Xos. 473-474) are almost identical in a)lor with 
the last, except that the dusky markings on the back are slightly increuvsed 
in amount, making the orange sj>ots somewhat more distinct. In No. 474 
the upper surface of the head is also marked with darker. 

Three others, while also very pallid, are a little darker than those described 
above. In the darkest individual (No. 472) the ground color is light gray, 
with numerous small dark spots intersj)ersed with f)rangc coloml ones; 
the dark spots distinct or obscure but without definite arrangement. The 
amount of dark jnginent is greatest on the upper surface of the limbs and 
tail. The color of the head is light golden yellow, that of the under surfaces 
the same as in the other two specimens. The pinkish lateral line is not 
discernible. 

Scutellation apparently as in //. m, appnKvimnns, Tail not longer 
than head and body. Femond pores 7-14. 

Habitat Rekiiions, — This Iloihrooh’a was only fouml on the AVhite 
Sands, although it probably occurs also in the Atri))lex association. In this 
habitat it is (juite common on the dunes, but very difficult to observe owing 
to its shyness and jnoteetive coloring. I sually the first glimp.se that one 
gets of an individual is a flurry of sand up the side of some distant dune. 
When the lizard stops the orange tint of the pah* ground color harmonizes 
so })erfectly with the delicate buff or pinkish hue which the sands take on 
in intense sunlight, that even wh(*n looking directly at it from a distance of 
a few feet it is difficult to difl’erentiute the form from the background. 

ll runs about on the sid<*s of the dunes, picking uj) its foixl which consists 
of ants, small beetles and spiders. When sur|)rised it dashes up the dune, 
taking refuge in the bushes or ground stjuirrel holes on the summit. Female.s 
taken in July contain large eggs. 

Range.— The range of this lizard is not as yet known, as it has only 
been recorded from three localities. The.se are I^ake Valley, N. M.; the 
Painted De.sert, Ariz.; and the present locality, which is the mo.st eastern 
one. 
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Holbrook'ia numilata flaviJenfa Cope. 


Habitat 


FiHd 

No. 


Locality 


When 

Collected 


Collector 


; Fern- 
; oral 
, Pores 


8uinac-Yucca | 
Assn. ! 

<< I 

! 

I 

U t 


(t 


112 

113 

437 

472 

473 

474 


AlnmotjirrdfK N. M. i 

White Sand*, west of July 0-06 | A. F. Zimmer 
Alamogordo ' 

j “ A. G. Ruthven 

; July 19-00 , 

4i I (< 

“ (J. von Krockow 

>1 { <( I (. 


; 12-12 

i 7-9 
13-14 
: 8-9 
. 9-9 
. 10-11 


HolbrookLa maculata approxixnans Baird. 

llolhnmkia appro.rim(tti.'< IlArni), Proc Acad. Nat. »Sci. Phila.. 1858^ 2.53-254.— 
^‘llorouKT, Miss. Sci. Mex,. Hept., 1874, 163.*^ 

Holhrookia maculata appmximans {'oviz, Hull. U. 8. Nat. Mus , XXXII, 1887. 38. 
— Stkjn’eokk, North Amer. Fauna. No. 3. 181X), 109-110.— Van Dexulrgh, 
Proc. Calif. Acad. Sci, Ser. 2. VI, 1890. 339-.340.— \\s 1)enbiui(;h, Occ. Papers, 
Calif. Acad. Sci., V. 1897. 51-53. Cope, Kept. V. S. Nut. Mus., 1898 (1900), 297- 
298.™• Stk?nk(jek. Proc. V. S. Nat Mus., XXV. 1902, 150. 

Locality .— Six speeiincn.s fnun the vicinity of Tucson, Arizona. 

Description of SfHTimens. — 'Fhesc s}H‘ciniens cliffer from those of the 
White Sand.s ill. m. flarilctifa) in having; larjijc distinct dorsal .sj)ots. These 
consist of two median .scries of distinct and paired spots, flanked on either 
side l>y a row of similar i)ut inort* t»l>sciire ones. All four of these series are 
wmtiniied onto the ha.se of tlie tail, wliere the two median n)ws fu.se, and are 
thus n'presented on the di.ital jnmitMi of the tail by but three rows. The 
dorsal spots vary in the diffiuvnt sfH^cimens from yellow to lij?ht or tlark 
brown. They have generally darker <8lges, and each is surrounded by a 
pale areola. Tht» body spots have roughly the form of an ellipse broadly 
truncate anteriorly, and tlie jKxsterior margin is nearly ahvays crenate. 
The caudal spots are V-shaped jiroxiinally, but become rapidly compres.sed 
into narrow’ elongatt*d bars towaixl the end of the tail. 

Ground color above light grayish ash to dark bluish ash, with few or 
many small, white, or pale yellow’ spots. Hind feet and legs distinctly 
cms.s-banded, fore limbs and thigh.s less i*egularly so. Heail above dark 
yellow^ or light brown. Belly white, uns})otted. In the males there an* 
tw’o jet black late'ral .spot.s in a l>lue patch, the foremo.st lying l)ehind the 
elbow’ w’hen adpressed to the side. Tlie throat is light bluish ash relieved 
by light markings on the anterior |mrt. In the females the lateral bhuk 
spots are repn\sented by faint bluish markings, and the .surrounding patch 
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of blue is wanting. In some sj^ecimens the throat is white, in others the 
posterior part is light bluish ash, the anterior part white with bluish cross bars 
running obliquely backward from the lips. In every fcmak‘, however, there 
is a central patch of bright pink on the throat, that may be faint but is 
usually intense and well defined, and the sides of the neck, and the lateral 
region of the breast are also suffused \vith pink. 

Femoral pores 12-15. 

Habitat Relations .— We found this lizard in company with Callisaurus 
vmiralis in the arroyos on the slojx\s. It resembles the Gridiron-tailed 
lazard so closely in appearance and habits that it is often difficult to dis¬ 
tinguish between these species in the field, unless one can come to close 
quarters. 

The food in the stomachs examined consists principally of grasshoppers, 
although ants are present in a small amount. 

Females taken during tlie first part of August contain large eggs. 

Range .— The g(*neral range of this species is given by Stiqiiegcr^ as 
‘‘Southern Arizona, parts of Sonora, Chihuahua and Coahuila.’^ 


Holhrookia maeulata approximans Baird. 


Habitat Locality 


j Tucson, Arizona. 
Acacia Assn. 607 Mesa ANcst of Santa 
i eVuz Kiver 
638 ! 

: 775 I 
, 777 ' 

, 856 I 

987^ ' Sabi no Cuiion, near 
' ; mouth 


WTien 

(’ollected 


Collector 


Fern- 

oral 

]*orcrt 


! 


J uly 31 "06 (». von Krockow 

Aug. 1-06 A. G. Ruth veil 
Aug. U~06 1 

• ( ii 

Aug. 14-06 , A. F, Zimmer 
Aug. 18-06 ; A. (f. Ruthven 


12-13 

14-15 

14- 14 

15- 15 
I.3~? 
14-13 


Uta stansburiana Baird A- Girard. 


Uta fitanshuriana IUikd & Giit.\RD, Proc. Acad. Nat. Sci, Phila., 1852, 69.— 
Baird & Girard, Stansbury s Kxped. to Gt. Balt Lake, 1853, 343-346.— Baird, 
Kept. Pac. R. K. Biirw, X (\Vhipple-Ive.s Route), 1859, 37.— Baird, Proc. Acad. 
Nat. Sci, Phila., 1859. 299.— IUikd, U. S. and Mex. Bound. Surv., II, 1859, 7. — 
Cope, Proc. Acad. Nat. Sci. Phila., 1864. 177; ibid., 1866, 312. — Cope, Bull. U. 

1 North Arner. P'auna, No. S. 109. 

2 This specimen i.s probably not //. m. approximans. It differs from the Tucson specimens 
of that specfe.s in having the tail flattened, the dorsal spots small and m two rows only, and the 
tail ringed with broad bands wlin b ure jet black below. The ground color above is light gray 
with numerous pale yellow spots. It is a female and lacks the blue and black spots on the sides, 
but has the pink throat patch and the lateral suffusion of pink. The chin is obliquely banded 
with light slate. It will be noted also that the habitat of this specimen is different from the 
other Holbrookias obtained. 



1907.] Ruthven^ Reptiles and Amphibians from N, Mex. and Ariz, 


527 


S. Nat. Mus., I, 1875, 48,-^ Yarrow, Wheeler^s Surv. West of 100th Merid.,‘:v, 
1875, 568-569.— Coufis, Wheeler s Surv. West of 100th Merid., V, 1875, 596-597.— 
Stree'ph, Bull. U. 8. Nat. Mus., VII, 1877, 37. — Lockinoton, Am. Nat., XIV, 1880, 
295.— Cope, Proc. Acad. Nat. 8ci. Phila., 1883, 12, 15, 18, 21, 28.— Yarrow, Bull. 
U. 8. Nat. Mus., XXIV, 1883, 10, 56-57. — Bottlenger, Cat. of Lizards in Brit. 
Museum, II, 1885, 211. -Cope, Bull. U. 8. Nat. Mus., XXXII, 1887, 35.— ^‘Beld- 
ING, West Am. 8ci„ III, No. 24, 1887, 98.^^— Cope, Proc. U. S. Nat. Mus., XII, 
1889. 147.— Townsend, Proc. U. 8. Nat. Mus., XIII, 1890, 144.— Stejneger, 
North Amer, Fauna, No. 3, 1890, 106-107; ibid., No. 7, 1893, 175-177.— Cope, 
Amer. Natur., XXX, 1896, 1013, 1015, 1018.— Van Denburgh, Proc. Calif. Acad. 
Sci., Ser. 2, V, 1895, 104-105; ML 1890, 1004; ibid., VI, 1896, 340.— Van 
DEN iuutoH, Oec. Papers Calif. Acad. Sci., V, 1897, 66-68. — Herrick, Terry & 
Herrick, Bull. Sci., Lab. DcniHoii L'niv., XI, 1899, 138-139. - Cope, Kept. U. S. 
Nat. Mus., 1898 (19(K)), 306-312.— Stone & Hehn, Proc. Acad. Nat, Sci. Phila., 
MM)3, 31.- Brown, Proc. Acad. Nat. Sci. Phila., 1903, 546, 552.— Bailey, North 
Amer. Fauna, No. 25, 1905, 41.— Meek, Field Museum of Nat. Hist., Zool. Series, 
Vn, 1906, 10. 

Uta elcgam Yarrow, Proc. U. S. Nat, Mus., 1882, 442.— Y.uiuow, Bull. U. S. 
Nat. Mus., XXIV, 1883, 10, 55.— Boclenoer, Cat. of Lizards in Brit. Museum. II, 
1885, 211-212.— '‘Beldinc., West Amer. Scientist, III, No. 24, 1887,98,'^— Town¬ 
send, Proc, r. S. Nat. Mus., XIII. 1890, 144. 

Uta scfwttii Yarrow, Bull. U. S. Nat. Mus., XXIV, 1883, 10, 55.— ^^Beldino, 
West Amer. Scientist. Ill, No. 24, 1887, 98.^' 

Ldraliiy ,— Via stanshuriana is vc^ry common aI)out Alamogordo, and 
a good scries of s|K*c*imcn.s was scoured. It is not rare at Tucson, but we 
did not find it nearly so abundant in that locality as at Alamogordo. 

Description of Sf)ecimens. — Seutellation apparently normal. The 
femoral jwres vary in number from 12 to 17, tlie normal number being 
ajipaivntly 14 or 15. 

The ground <:*olor above is variable and may be light or dark, brown or 
olive brown. There i.s a broad light strijie that extends from the snout 
across the ey(‘, aiul along eitlier side of the back onto the tail, and another 
from the angle of the mouth to the hind limb, occasionally also indicated on 
the base of th<* tail. On the .sides below- the lowTr lateral strijK? the color 
i.s bluish with numerous short vertical light lines corresfK>nding in color to 
the stri{M\s, and a prominent iinligo blue spot which is broadly margined 
with lighter in the lateral region of the breast. The light markings just 
described (latcml slri|K\s and bars) may be bright yellow, bluisli wdiitc, 
gray or blue. The stripes arc rarely complete except in front of the shoulder. 
Very often the low er one is re])resented on the body by a row' of short vertical 
light bars situated just above the series that usually lies below’ the strijie. 
The upjier stripe is nearly ahvays complete but may be broken up into 
small spots. There is no definite sericvS of markings between the stripes, 
but above each of the upj^er ones there is a amgle row^ of rather large 
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siiaped spots, eacli one surrounded on the inner and jmsterior sides by a 
series of small, yellow, light or dark blue spots. These spots usually form 
a single series on the base of the tfiil, and are occasionally flanked by a mw 
of smaller spots. The limbs are usually barred and spotted with the j)re- 
vailing light color. In some individuals the color is dark brown, obscuring 
the dark spots, and the only markings consist of the stripes in front of the 
shoulder, the lateral s]K)t, and very numerous small bright blue spots dis¬ 
posed irregularly ovt^r the dorsal surface of the nt^ck, body, limbs and tail. 

The color of tlie un(h*r surfaces may be white with dusky markings on 
the throat, or light bluish, or dark bluish slate, the throat being a darker 
blue with lateral markings of orange or yc'llow that cross the lips as vertical 
bars. 

Habitat Relations, — Alamogordo. As illustrated by our collections, 
the home of Uta stanshnriana in this region is on th(» descTt floor. We 
found it to be common from the u])per margin of the alluvial slope to the 
White Sands, but we did not find it above the alluvial slo})e. ()ne s|X‘cimen 
was taken on one of the easternmost dunes of the White Sands, but it was 
not observed within tin* Sands. 

In habits this Ufa is strictly a ground form. On the alluvial slope, 
where the vegetation is denser, it may b(‘ found almost anywhere on the 
ground, but on the desert floor, where tlu‘ shrubs are much more widely 
scattered, it is seldom observe'd far from the* shelter e)f a bush. In the I\Ies- 
quite association, a favemte haunt is the small hillocks that have been built 
up by wind and erosie)n about the base e)f the bushes. 

The food in the ste)machs of the sj)ecimens e.\amim*d ce)nsists of small 
beetles, ants, and cicadas, inelicating that it is inscctive)re)us in its fe>oel habits. 

Several females taken during the latter half e»f July cemtaineel huge eggs. 

Tucson. At Tucseai this liziird is distributee! generally throughout 
the Creosote bush associatie)n on the plains. We emiy secureel one specimen 
in the Suaharo-Ocotillo associatiem on the .slopes, and it probably occurs 
in that habitat to a more limitee,! extent than in the (.’rcosote bush associa¬ 
tion. 

The habits of the indivieluals observed at Tucson are similar to those 
observed about Alamogordo. They were found on the ground, generally 
near or under a bush. These* observations confirm the statement of Van 
Denburgh that Uta stanshurlana is a ground-loving species. 

Range ,— Although Cope^ gives the range of this species as lying “be¬ 
tween the Rocky Mountains and the Sierra Nevada,'^ it .somewhat trans¬ 
cends these limits. To the east Bailey has found it in we.stern Texas, beyond 


1 Kept. U. s. Nat. Miw., 1898, 309. 



1907.] Ruthven, Reptiles and Amphibians from N* Mex. and Ariz, 529 

the East Front Ranges, in the Pecos Valley, while to the west it has been 
recorded from the west slope of the Sierra Nevadas, and in southern Cali¬ 
fornia reaches the coast and off shore islands, San Clemente and Santa 
Cruz (Tow^isend).^ Apparently the most northern leeord is that of Summer 
Lake, Oregon, given by Cope ^ and Van Denburgh.^ To the southward 
it is known to exist throughout the entire length of the peninsula of Lower 
California and on the adjacent islands (Van Denburgh),^ but the extent of 
its occurrence on the mainland of Mexico is unknown. 


Via sianshuriana Baird & Girard. 


Habitat 


Creosote bush 

Assn. 

<( 

Atriplex Assn. 

Creosote bush 
Assn. I 

Mesquite Assn. 

Creosote bush i 
Assn. 

H ' 

Atriplex Assn. ' 

Creosote bush , 
Assn, ! 


Atriplex Assn. 


Field 

No. 


Locality 


When 

Colle<*ted 


Collector 


Fem¬ 

oral 

Pores 


44 

0.5 

129 

148 

149 


Ala?riognrdo, M. j 
Alliiviid slope east of 
Alamogordo ! July 5-06 


I 


G. von Krockow 


15-? 


Plains ^^est of Alamo- * July 9-06 
gordo ' I 

Alluvial slope east of i July 10-06 j A. F. Zimmer 1 

Alamogordo | i 

Plains near Alamo- I ** 

gordo -I j ! 

292 , Alluvial sloi>e north ; July 15-06 A. G. Ruthven j 13-13 

of Alamogordo i 


293 

329 

389 

3fK) 

410 

418 


j Plains west of Ala- July 16-06 A. F. Zimmer 
' mogordo ! 

I Alluvial slope east of j July 18-06 S G. von Krockow 
j Alamogordo ; 

Alluvial slo|>e north , “ “ 

' of Alamogordo i 

: “ i A. F. Zimmer 

j Plains west of .41a- | July 19-06 A. G. Ruthven 


it 

419 


it 

<< 


420 

“ 

it 

a 

it 

426 

' a 

i* 

ti 


427 

it 

ti • 

it 

<< 

435 

J mile east of White 

1 Sands 

a ' 

it 

it 

436 

; i mile east of White 
; Sands i 

it 

1 ! 

ti 

Sumac-Y ucca 
Assn. 

440 

i Easternmost dunes of i 
j White Sands 

i 

1 

1 

tl 

Atriplex Assn, 

451 

' Three miles east of 

I White Sands 

“ ! 

it 

a j 

457 

i 

“ i 

it 


I 15-16 
I 15-15 

] 12-13 

12 ~? 

15- 15 
17-16 

16- ? 

15-15 

12-14 

15-15 

14- 14 

15- 15 
15-14 


1 Proc. U, S. Nat. Mas., XlII, 144. 

* Kept. U. 8. Nat, Mas., 1898, 809. 

» Occ. Papers Calif. Acad. Sci„ V, 68, 

* Proc. Calif. Acad. 8ci., Ser. 2, V, 105, 1004. 
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Habitat 

Field 

No. 

Locality 

: When 

< Collected 

Collector 

Fem- 
> oral 
' Pores 

Atriplex Assn. 

459 

Three miles east of 

July 19-06 

1 

1 

A. (1. Ruthven 

1 15-14 

(t 

403 

White Sands 

t << 

1 14-14 

(t 

4t)f5 

1 << 

■ it 

1 

(( 

j 15-16 

{( 

lOG 

. 

it 

»( 

! 13-14 

tt 

478 

Plains west of Ala- 

ii 

G. von Krockow' 


ft 

479 

mogt)rdo 

Thre^' miles east of 

\ 

! « 

! 14-14 

it 

4S1 

! White Sands 

1 “ 


j u 

1.5-15 

it 

484 

(t 


It 

12-1.3 

it 

48o 

1 “ 

ti 

1 a 

1 14-14 

it 

490 

Plains we.st of Ala- 

a 

I “ 


Mesquite Assn. 

502 

niogordo 

Plains east of Alamo- 

July 21-06 

“ 


* tt 

503 

gordo 

li 

A. Cl. Ruthven 

15-16 

Sotol-Ocotillo 

556 

Mouth of Dry Cafion 

July 23-06 

“ 


13-16 

Assn. 

Creosote bush 

559 

Upper part of Alluvi- 

1 

A. F. Zimmer 


& Sotol-Oco- 
tillo Assns. 
Creosote bush 

563 

1 al sloj)e ea.st of Ala¬ 
mogordo 

Alluvial slope north 


G. von Krockow 


Assns. 

tt < 

1 

599 

j of Alamogordo 

i July 26-06 

A. G. Ruthven 


1 

Suaharo-Ooo- ^ 

637 

7’ur.s‘ow, Ariz. 

Mesa west of Santa 

Aug. 1-06 

G. von Krockow 

13-14 

tillo Assn. 1 
Creosote bush 

657 

Cruz River 

Plains 8. E. of Tucson 

Aug. 2-06 

1 

1 

G. Ruthven 


Assn. 

1 

658 

, a 

! ** 

' 14-15 

it 1 

734 

it 

1 Aug. 7-06 

! 

1 

i 

it 

735 

‘ ** 1 

i << 

i 15-15 

it ' 

748 

, 

1 

1 

! G. von Krockow 

, 15-16 

tt I 

749 



i 

13-13 

Mesquite Assn, j 

754 

Flood-plain of Santa ; 

Aug. 8-06 

, A. G. Ruthven 

1 

1 

Creosote bush 

805 

* Cruz River 

Plains east of Tucson 

Aug. 11-06 

* A. F. Zimmer 

1 

I 13-15 

Assn. 

tt 

846 

Mesa west of Santa ! 

Aug. 14-06 

i G. von Krockow 


it 

{X)3 

Cruz River i 

Plai ns cast of Tucson | 

Aug. 15-4)6 


14-14 

Creosote bu.sh 

951 

, Near Santa Cruz | 

Aug. 17-06 

j G. von Krockow 

1 14-16 

and Mesquite 
As.sns. 1 

it 

952 

River 

i 

ti 

' tt 

t 

14-14 

Creosote bush | 

999 

Plains east of Tucson 

Aug. 20-06 

<< ! 

»< 

16-17 

Assn. 

‘ 

1000 

: 

1 “ 

1 14-14 

it 1 

1 

1021 

Mesa, west of Santa 

Aug. 22-06 

I A. F. Zimmer 

1 14-14 

! 


Cruz River j 

i 









1907.] Ruthven, Reptiles and Amphibians from N. Mex, and Ariz. 


531 


Uta omata Baird A Girard. 

Via omata Baikd & (iiiiAun, Froc. Acad. Nat. Sci. Phila., 120.— Baird, 

U. S. and Mex. Bound. Surv., II, 18.59, 7.— Cope, Bull. U. 8. Nat. Muh., I, 1875, 
4S.— Yahhow, Wheeler’s 8urv. West of lOOth Merid., V, 18715, 508.— Coves, 
ibid., 597.-- Yarrow, Bull. U. S. Nat Mus., XXIV, 188.3, .56. (At least in part.) — 
Bovlexueii, Cat. of Lizard.s in Brit. Museum, II, 1885, 213.— Stejxegeh, North 
Ainer. Fauna, No. 3, 1890, 107 108.— (’ope. Am. Naturalist, XXX, 1896, 1013.— 
Herrk’K, Terry & Hehiuvk, Bull. Sci. Lai). Denison Univ., XI, 1899, 138.— 
Cope, Kept. U. S. Nat. Mus., 1898 (1900), 31.5-317. — Bailp:y, North Arner. Fauna, 
No. 2.5, BK)5, 41. 

Uta ornata Hwaris Baird, V. S. and Mex. Bound. 8urv'., II, 1859, 7. — Van 
DE.NBViuiH, Free. Calif. Acad. 8ci., 8er. 2, VI, 1896, 340. 

Local itp. — Six s|M*(‘iiu(*ns of Uta ornata were taken in the region about 
Tucson. 

Description of Specimens.- - Lateral sc*ale.s small except for two rows of 
enlarged ones. A iiK'diau <lorsal band of enlarged scales, eonsi.sting of two 
rows of lai*gt‘ scales, sepanited by smaller ones. The four rows of large 
scales in the dorsal series art' not perfect, the larger scales in each row being 
occasionally separated by quite small ones. 

Tli(‘ color of a large male is <lark brown with occasional dark yellow 
si*ales. Oil (‘ither side of the back is a .series of transverse black bars nar- 
rowly margined with yellow. These* bars fuse on the tail to form dusky 
rings. Limbs eross-barrt'd above. Li])s and submental region dark gray 
grading backward through yellowish ash into a bluish green patch on the 
throat. Under surfaevs of limbs light grayish mottled with black. Belly 
bright bliK*. Ventral surface of tail liusky gray, the dark rings faint and 
margined with bright blue. A prt'anal patch of light blue. 

Females light gray above, cross bars black. Head covered above with 
a network of fine black lines. Below light grayish, becoming darker 
toward the end of tin* tail. Xuinerous short, longitudinal and undulating 
lines of darker on the b(*lly. Throat patch bright orange yellow or mJdish 
orange. Only faint indications of the dusky rings on the ventral surface 
of the tail. Enlarged dorsal scales often tinged with orange yellow, which 
in two speeimtuis becomes a well defined pateli in the sacral region. 

In very young sp<*eimens (total length 45 mm.) the ground (H)lor above 
is light grayish. Head marked with fine black lines. Dorsal band of 
enlarged scab's margined on eitlu'r side with a narrow broken line of black, 
and another along tlie iipjx'r lateral series of enlarged scales. No lateral 
cross bars. liinibs cross-banded. Tail ringed with dusky. Upper lip 
white. Under surface's white mottled with dark slate. 

Habitat Relations. — This Uta was found only in the timber zone (Wil- 
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low-Poplar association) on the l)anks of the Santa Cruz River and in Sabino 
Canon. In the former liabitat it occurs with Sccloponts rlarkii which it 
resembles in habits, Ixnng found on the trunks and limbs of the lai'^e willows 
and cottonwoods. In Sabino Canon it was observed only among the large 
boulders that strew the bottom of the gorge. 

Range .— This species has been recorded from Texas to western Arizona, 
but most of the localities given are so general that it is im|>ossible to deter¬ 
mine its range with accuracy. It probably does not oc*cur in the desert 
region of southwestern Arizona, while on the plains (accortling to our ob¬ 
servations) it seems to be confined to the canons an<l the timber zones along 
the larger streams. These facts, together with the observations of Stejneger ^ 
that on San Francisco Mountain it occurs in the cedar zone, permits the 
tentative conclusion that Ufa ornafa is primarily a j)latt‘au form which is 
able to extend its range from tlie major habitat (Pinon-Cedar association) 
down the canons, and into the Willow-Poplar association along the streams 
on the plains. Considerable light might be thrown on this p(»int by obser¬ 
vations of its distribution in the Pinon-Cedar association on the mountains 
of the Pro})lateau region. 


Ufa ornafa Baird & Giranl. 


Habitat 

' Field 
No. 

Locality 

When 

Collected 

C’ollector 

Fem¬ 

oral 

Pores 



Tucson, A riz. 

1 

1 


1 

Willow-Poplar 

752 

, Bank of Santa Cruz 

Aug. 8-06 

A. G. Ruthven 

10-11 

Assn. 


' River 


i 


841 

j Vicinity of Tucson 

Aug. 13-06 

Gift 

i 


976 

lx)wer end of Sabino 

Aug. 18-06 

A. G. Ruthven : 

11- 



Cafion 

i 


** 

977 

it 

<< 

<< 

11-12 

** 

978 1 




11-11 


1042 1 

__ 1 

Tucson 

Aug. 22-06 

Tiita Morales 1 



Sceloporas magister HallonrU. 

Sceloporufi magister Hallowell, Proc. Acad. Nat. Sci. Phila., 1854, 93.— Hallo- 
well, Kept. Pac, R. H. 8iirv., X (Williamson s Route), 1859, 5.— Heermann apud 
Hallowell, ibid., 24.--8TEjXK(iEu, North Amer. Fauna, No. 7, 1893, 178-183.— 
Van Denburgh, Proc. (^alif. Acad. Sci., Ser. 2, VI, 1896, 341.— Van Denburgh, 
Occ. Papers Calif. Acad. 8ci,, V, 1897, 84-86.— Herrick, Terry & Herrick, Bull. 
Sci. Lab. Denison Univ., XI, 1899, 125-126.— Meek, Field Mus. of Nat. Hist., 
Zool. Ser., VII, 1905, 10. 

Scf^loporus clarkii rlarkii Covk, Bull. U. S, Nat. Mus., I, 1875, 40. (Part.)— 
Yarrow, Bull. U. S. Nat. Mus , XXIV, 1883, 11, 63. (Part.) 


^ North Amer. Faunn, No, 7, 107-108. 
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Sceloporus clarkii Stejneger, North Amer. Fauna^ No. 3, 1890, 110-111.— 
Cope, Am. Nat. XXX, 1896, 1014. (Part.)— Cope, Kept. U. S. Nat. Mus., 1898 
(1900), 358-363. (Part.) 

Sceloporus spinosus “GPnther, Biol. Centrali-Americana, 1890. (Part.)” 

ScehporuB spinosus clarkii Boulenger, Cat. of Lizards in Brit. Mus., II, 1885. 
227. (Part at least.) 

Locality .— At Alamogordo this large scaly lizard ap}x*ars to be very 
raiv, as \vc obtained but four specimens. At Tucson, however, it is abun¬ 
dant, and thirty-seven s|x*ciinens were taken. 

Description of Specimens .— Dr. Stejneger has shown that the large 
Scelopori in this locality, which were formerly known us S. clarkii, are 
referable to two species, the S. clarkii of Baird and S. magister Hallowell. 
In the specimens obtaine<l by the expedition the distinctive traits as }X)inted 
out by Stejneger, and the additional characters mentioned by Van Denburgh, 
although slight, are quite aj)preciable, so that it is not difficult to separate 
the siK'ciimuis belonging to the two forms. 

S. magisier is the largest, although not the longest, lizard that occurs 
in this locality with the exce})tion of the (rila Monster. One large s|)ecimen 
in our collection measures 28.*) mm. total length, 140 mm. body length, 
125 nini. girth. About four, long, lanct'olate, preauricular scales. Plates 
convex and head cons<‘qu(‘ntly rough. Top of head ovate in outline, but 
not as broad as in S. clarkii. Profil(‘ slightly arched, not decidedly flattened 
above as in S. clarkii Femoral pores 11 to 14 (15 in one specimen). 

The color is variabh', and the patttTii not well definisl. The head above 
is usually motthsl with dark brown an<l yellow or light brown. A narrow 
brown line extends along tlu' infraorbital scutes from the canthus ro.stralis, 
and is conlinneil on the neck to the shoulder. A similar line parallel to 
this one extends from tlu' supralabiuls also to the shoulder. On the nape 
there ar<‘ usually indications of narrow V-.shaptHl bands. These are rarely 
distinct with the exce})tion of the posterior one, which forms a narrow black 
exjHar that usually terminates on (he side of the neck. 

On either side of the ba(‘k, about five rows of scales apart and two rt)ws 
wide, are two longitudinal light bands that are usually some shade of yellow, 
and may be either quite distinct or obscure. On cither side of each light 
.strij)e is a row of in<lefinitc dark bn)wn or black s|:K>ts, the middle two of 
wdiich may unite to form transverse bands across the back. The scales not 
included in the StrijK^s or spots are usually yellow and brown, but there are 
often on the back and sides many blue scales, and these may Ire numerous 
enough to fonn blotches or a soli<l, broa<l, blue band between the stri]H\s, and 
to give a bluish cast to the sides. This tendency Ls most conspicuous in male 
specimens. Again all or most of the scales on the back, sides, and neck 
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may be margined with orange or red, giving an orange apjiearance to the 
body. The tail is usually rather distinctly banded above with light brown, 
and dark brown or black. The scales on the limbs are mostly yellow with 
brown lateral margins which connect with those of adja('ent scales, giving 
the appearance of narrow longitudinal strit)es. 

In old males the j)attern above may be nearly obsolete, and the color 
very dark, the scales being blue black ami dark brown. When the skin is 
being shed tlu' color is uniformly yellowish. 

The under surface in females anti young specimens is usually light 
yellow. In the males there is generally a narrow central band of white* 
or yellow but on either sitle of this are two large blotches of bright metallic 
blue, occasionally with interspersed scales of bright yellow. The individual 
scales ill the blue areas are generally narrowly margined with black. Tail 
and ventral surface of limbs bluish white. A bright blue spot on the gular 
region, that may extend over the entire throat, but usually becom(‘s lighter 
on the anterior part. In nearly all of the specimens the black (‘ollar is 
continued across the throat by black edgings to the scales. 

Habitat Relations .— Alamogordo. The few sjH‘cimens found at Ala¬ 
mogordo were all taken in the Creosote bush association on the alluvial 
slope. They climb about in these bushes much as they do in the large 
Opuntias about Tucson. In the stomacli (‘ontents of these specimens, 
ants greatly predominate, but a few beetles are also present. 

Tuc.son. The habitat of 8. magisicr is well defined in this region. It 
is quite common on the Greasewood pluiiij*, but stH*ms to be excluded from 
the flood-plains of the larger streams (Mesquite and Willow-Po]>lar asso¬ 
ciations). Mr. Jouy appears to have been the first to observe that its habitat 
thus differs from that of *S. rlarkii. Although it o<*curs in the Suaharo- 
Ocotillo association at the foot of the Santa Catalina and Tucson Mountains, 
it is much less common in these places. Its priiuapal habitat in this region 
is thus preeminently the (^reosote bush a.ssociation of the plains. 

It is very wary and rather difficult to secure as it does not run about on 
the desert as do the Crofaphytl and Cnemidophori but resides in the bushes. 
Individuals were occasicjiially observed in Mesquite or (,'reosotc bushes, 
and more often beneath the Oucifixion thorn, but it evidently prefers the 
tall branching Opuntias, especially the larger ones. Here it may be 
seen very commonly on the trunks, upon the liighest branches or in the 
nests of the wood rats whicli are constructed of the detached branches of 
these shrubs on the ground beneath. If the bushes are approached at a 
good pace the chances are that no lizards will be seen, for when frightened 
they scramble swiftly down the stems and into a hole, if there is time, or 
if not flatten themselves out against the trunk of the shrub or among the 
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dead branches on the ground. In such cases they do not give themselves 
away by the teetering movement so characteristic of many lizards, and 
their extraordinary resemblance to the trunk or a lobe of an Opuntia makes 
them very difficult to disc‘em. Many times I have seen an individual 
scuttle down‘the trunk of one of these cacti hut on carefully approaching 
the bush would be unable to distinguish it, although it would be in full view. 
Only the great development of the scales in these lizards would protect them 
from the needlelike spines of the Opuntias, and permit of their moving 
about upon them with such facility. 

In regard to its food habits Dr. Merriam remarks that in the Great 
Basin region ^^Sceloporus magutfer is a mixed feeder, both insects and flowers 
being found in the stomachs examined. At the Great Bend of the Colorado, 
Nevada, and St. George, Utah, stomachs were opened that contained insects 
only.** ^ The stomach contents of the Tucson specimens consist almost 
entirely of insects. A small amount of vegetable matter is present in some 
of them, but this is in the form of small, dried fragments that were probably 
taken up with the animal foml. Ants make up the great bulk of the contents 
of these stomachs, and every one examined contained great numbers of 
these insects. A few beetles are also present, but they make up a very small 
proportion of the total contents. The stomach of one lizard tlmt was taken 
under a Crucifixion thorn l)ush was di.stended with scort»s of winged ants. 

These Hzfinls are pr(\ved u|>on by Crotaphjtus wislizenii as shown by 
an examination of the stomach contents of the latter. They are doubtless 
also eaten by the Road Runner which is often observed in the Opuntias. 
The old individuals in our collection are nearly all maimed, having lost a 
j)art of their tail, a varying number of toes, or both. 

Range .— Too little is known of the range and relationships of this 
Sceloporus to make it possible to determine its habitat at present. It has 
been reconied from southern California, Nevada, Utah, and Arizona. The 
Alamogordo s]x^cimens listed above thus apparently constitute the most 
eastern record for the .specic-s.^* It is very probably a Proplateau form <hat 
will not be found to the eastward of the East Front Ranges in Texas, nor 
in the desert region of southwestern Arizona. 


* North Amer. Fauna. No, 7, 182. ^ ^ ^ 

* It is quite po.«Jsible that the st)ecimen of S. clarKni recorded by Stone (Proc. Acad. Nat, 
Sci. Pliila., 1903, 31) from Alamogordo, may be referable to thl§ species. 
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Sceloponis magvtier Hallowell. 


Habitat 1™^! LocaUty jcoUeet^dj Collector | 


Alamogordo. N. M. 


Between Creo- \ 

150 

Foot of alluvial sIom July 10-06 ; G, von Krockow 

east of Alamogordo ! i 

' 1 

Alluvial slope east of ' July 12-06 i A. G. Ruthven 

13-13 

sote and Mes¬ 
quite Assns. 
Creosote bush 

182 

13-14 

Assn. 

495 

Alamogordo 1 

“ July 20-06 

it it 

G. von Krockow 

12-13 


496 

it 

13-? 

it 

725 

Tucson, Ariz. 

Plains east of Tuoson Aug. 7-06 

A. G. Ruthven 

11-11 

it ' 

726 

it t 

12-13 


727 

it a 

it 

11-12 


728 

it 

a 

12-14 

it 

729 

it ; a 

it 

12-13 

<< 

745 

a it 

G. von Krockow 

11-11 

it 

746 

a a 

a 


a 

782 

Mesa west of Santa Aug. 9-06 

A. F. Zimmer 

12-13 

Creosote bush 

795 

Cruz River 

Plains east of Tucson Aug. 11-06 

A. G. Ruthven 

10-11 

Assn. 

(( 

796 

ti a 

ti 

12-14 

ti 

797 

a ti 

it 

11-13 

it 

79S 

a a 

it 

14-14 


799 

ti ti 

it 

12-12 

Mesquite Assn. 

839 

Near Rillito Creek Aug. 13-06 

G. von Krockow 

12-13 

860 

Near Sant a Cruz Aug. 14-06 

A. F. Zimmer 

12-13 

Creosote bush 

876 

River 

Plains east of Tucson Aug. 15-06 

A. G. Ruthven 

12-13 

Assn. 

it 

877 

ti a 

<< 

13-13 

it 

878 

ti a 

a 

12-12 

** 

S79 

a a 

it 

12-12 

ti 

880 

ti a 

it 

12-14 

it 

881 

ti a 

tt 

11-12 

it 

882 

a a 

it 

14-15 


n 

n 

a 

Mesquite Assn. 

(t 

if 

tt 

it 


Creosote bush 
Assn. 


895 


it 

A. F. Zimmer 

?-14 

896 

a 

ti 

** 

12-13 

901 


it 

G. von Krockow 

11 13 

902 

(( 


it 

11-13 

943 

Near Santa Cniz 

River 

Aug. J6-06 

it 

13-14 

955 

ti 

Aug. 17-06 

A. G. Ruthven 

13-13 

956 

it 

ti 

ti 

14-14 

957 


ti 

ft 

12-14 

967 

Alhivial slope of 
Santa Catalina Mts. 

Aug. lS-06 

A. G. Ruthven 

12-14 

1001 

Plains east of Tucson 

Aug. 20-06 

G. von Krockow 

13-14 


(( 

tt 

it 

It 

it 


1005 

1006 

1007 I 

1008 ' “ 

1014 Mesa west of Santa 
(yiniz River 


A. G. Ruthven 


ti I n 

; it it 

, << it 

. Aug. 21-06 


11-12 

13-13 

11-11 

12-12 
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ScelopoTUS clarkii Baird & Girard, 

Sceloporus clarkii Baird & Girard, Proc. Acad. Nat. Sci. Phila., 1852, 127.— 
Baird, U. S. and Mex. Bound. Surv., II, 1859, 5, (Part.)— Stejnegbk, North 
Amer. Fauna, No. 7, 1893, 178-183.— Cope, Amer. Natur., XXX, 1896, 1014, 
(Part.)— Vax Denburgh, Proc. Calif. Acad. Sci., Ser. 2, VI, 1896, 340-341.— Her¬ 
rick, Terry & Herrick, Bull. Sci. Lab. Denison Univ., XI, 1899, 126,— Cope, 
Kept. U. S. Nat. Mus., 1898 (19(K)). 358-363. (Part.)— Stejnkger, Proc. U. S. 
Nat. Mus., XXV, 1902, 150.— Stone, Proc. Acad. Nat. Sci. Phila., 1903, 31 (?).— 
Bailey, North Amer. P'aiina, No. 25, 1905, 42. 

Sceloporus clarkii clarkii Cope, Bull. U. S. Nat. Mus., I, 1875, 49. (Part.)— 
Yarrow, Wheeler’s Surv. West of 100th .Merid., V, 1875, 575-576. (Part.)— 
CoiTi;>i, ibid,, 594. (Part.)— Yarrow, Bull. U. S. Nat. Mas., XXIV, 1883, 11, 63, 
(Part.) 

Sceloporus spinosus *'GrNTHER. Biol. Centrali-Americaiia, 1890. (Part.)” 

ScclofHfrus spiuosus clarkii Bcjulenger. Cat. of Lizards in Brit. Mus., II, 1885, 
227. (Part ?) 

Localityr - TIu* .spociinciis of Scelopttrm clarkii obtained by the expedi¬ 
tion eon.si.st of two .specimens from th<‘ Santa Cruz valley .south of Tueson, 
Arizona, and one from Sabino (^anon in the Santa Catalina Mountains. 
In th(» former lo<*nlity it was not rare, and .several .sfieeiinens were seen during 
tht^ <»ne day .spent in Sabino Canon. It was not found at Alamogordo, 
although Stone and Helm reeord a single .sjx'ciraen from that locality. As 
befort* stated ()). 535) this may lie a sjx'cimen of S. mayisfer. 

Description of Sfxnnmcns .— As shown by Stejneger and Van Denbiirgh, 
altlioiigli closely similar, this Scelof)onts Is easily dlstinguLslmble from N. 
mayistcr. "File body is less stout, the head flatter above and more bnxidly 
ovate, and tli(' snout more <lepnvs.sed than in *8. mayister, while the pre^- 
aurieiiJar scales (about tliR»e in niimlxT) art^ triangular in form instead of 
lanceolate as in the latter species. 

1'(‘moral pores 12-13. 

The coloration of S. chrhii is distinctive. There are no light dorsal 
lines, and the collar, is not, as a ruli', well defined. The limbs are definitely 
cross-banded above (ef. N. mayiMcr, p. 5^L3), even to the ends of the digits. 
The tail is only indistiiu'tly eros^-bam*d. The head is uniformly light 
brown, very minutely spe(*kled with black. In females the color of the 
dor>al .surface is light brown rt'lievinl by spots of yellow and bine, and a 
fairly distinct row of black cross bars on either side. In males the color is 
more uniform as th<' dark bands are wanting; the general color is dark 
brown with so uiany spots of bright blue that the entire dorsal surface has a 
bluish green cast. 

The ventral surface of the females is light yellow often tinged with 
bluish on the throat, sides of belly, and tail. In the males the inferior 
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surface of the limbs and breast, and a narrow band along the middle of the 
l)elly, are yellow; the sides of the belly are bright blue, and there is on the 
throat a spot of very intense blue that fades out to a white or gray anteriorly. 

Habitat Relations .— In contrast to S. magiste)\ whi<*h occurs on the 
plains, the habitat of 6’. clarkii is limited to the timber zone along the streams 
(Willow-Poplar association), and in harmony with the different conditions 
under which it lives its habits also differ from tliose of the desert form. It 
is found only on or in^ar trees, and when surprised does not dash down a 
hole as would S. mngisicr under the same circumstances, but up and around 
the trunk, keeping on the far side of the tree like a squirrel. It is thus more 
arboreal in its habits than *S\ magister^ a fact that (k'termines its local dis¬ 
tribution, for trees on the desert arc confined to the larger water courses, 
the higher elevations on the mountains, and the bottoms of the canons. 
Near Tucson Seeloporus (inrkii occurs along the Santa Cruz River and 
Rillito Creek, following the tributaries of the latter into the canons which 
they have carved out of the south .slo}>e of the Santa Catalina Mountains. 
In the lower part of Sabino Canon I observed several imlividuals among 
the trees and bushes with Cnemtdophorus gulnrisy and they seemed quite 
as willing when frightened to lake refuge lieneath the stones that strew the 
bottom of the gorge as to run up the trees. 

The stomacli contents of but one specimtMi was examined. It con¬ 
sisted entirely of insects (one caterpillar and the remains of .several beetles). 

Range, — Cont'erning the distribution of this lizard Dr. Stejneger' 
wrote in 1893 that S. clarkii *Svithin the luiited States, seems confined to 
southea.stern Arizona, whence it is found southward into Mexico for an 
unknowm distance, ])robably confiiu*d to the westtrn slo])e of the Sierra 
Madre, for it is pretty c*ertain that S, clarkii and all its allied fonn.s, or sj)ecies, 
are confined to the western slo|)e of the continent.” Since that time it has 
been recorded from Alamogordo, N. M.,'^ and Boquillas and Langtry,® in 
western Texas. 

Srclopnrus clarkii Hallowell. 

Habitat Locality CoUwt^ ! j oral 

I ' Jrores 

! ’ ; 

; Tucson, Ariz. | j 

Willow-Poplar ; 684 Bank of Hanta Cmz ' Aug. 5-06 j A. G. Ruthven 13-13 

Assn. i Kiver • * 

“ i 751 “ I Aur. S-06 “ 12-13 

' 974 Lower part of Sabino j Aug. 18-06 12-13 

i Cafion 

{ i 

__ ■ , . 

' North Amer. Fauna. No 7, 180, 

« Stone and Kehn, Pror. Acad. Nat. Sci. Phlla,, 1902, 31 (cf. p. 635). 

• Bailey, North Aiiier. Fauna, No. 25, 42. 
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Sceloporus consobrinus Baird & Girard, 

ScehporuH constibrinus Baird <fe Girard, Marcy's Explor. Red River, 1853, 
208-210.— Baird, U. 8. and Mex. Bound. Surv., II, 1859, 5,— Baird, Rept. Pac. 
R. R. 8urv., X (Whipple-Ives Route). 1859, 37.— Cope, Proe. Acad. Nat. Sci. Phila., 
1866, 303.— Cope, Bull. V. 8. Nat. Mus., I, 1875. 49.— Yarrow, Wheeler’s 8urv. 
West of 100th Mend., V, 1875, 574. - ('orEss, ibid., .594.— Cope, Bull. U, 8. Nat. 
Mus., XVII, 1880, 17, 44.— Cope, Proc. Acad. Nat. Sci. Phila., 1883, 15, 16.— 
Yarrow, Bull. U. »S. Nat. Mus., XXIW 1883, 10, 61.— Boulenoer, Cat. of Lizards 
in Brit. Museum, II, 1885, 229-230.- Cope, Proc. Amer. Phil. Soc.. XXII, 1885, 
395, 397-398.— Stejneoer, North Amer. Fauna, No. 3, 1890, 111.— Van Den- 
buroh, Proc. Calif. Acad. Sci., 8er. 2. 1896. VI. 341. — Cope, Amer. Natur., XXX, 
1896, 1015. — Herrick, Terry & Herrick, Bull. Sci. Lab. Denison Univ., XI, 
1899, 128-129. -Stone <fe Rehn. Proc. Acad. Nat. Sci. Phila., 1903, 31-32.— 
Brown, ibid., 546, 552.— Bailey, North Amer. Fauna, No. 25, 1905, 42. 

Sc(iof)oruf{ garmani “ BorLE.soER, Proc. Zool. Soc. Lend., 1882, 761.” 

ScehjMrus tristichm Cope apud Yarrow, Wheeler s Surv. West of 100th Merid., 
V, 1875, 571-572. 

Scclopmis undnlntm iristirhuM Cope, Kept. 1'. S. Nat. Mus.. 1898 (1900), 376- 

377, 

ScehfHffus undulatvs amsohrinuit Cope. Rept. T". S. Nat Mus., 1898 (1900), 
377-381 — Stone, Proc. Acad. Nat. Sci. Phila., HK)3, 540. 

Localiitf. Ten .specinien.s of N, consohrinns were taken near Alamogordo, 
where it is a common form. 

Description of Spirimens ,— The .specimens .secured are approximately 
normal and little variable in scutellation. There is, however, some varia¬ 
tion in size and color, which ap|R‘ars to be correlated with the habitat. 
On the basis of these characters our sjiecimens may be divided into three 
grou])s: (1) Tho.se taken in the Pinon-CVdar association on the mouutain.s; 
(2) Tho.se from the Creosote hush and ^lesquite associations on the plains, 
and (3) Those from the Atri[)lex association and White Sands. The speci¬ 
mens from the desert floor (second and third groups) are all of compara¬ 
tively small size,' and vary only in color, tho.se from the Atriplex association 
and White Sands being the more pallul. Those from the Pinon-Ct^ar 
association are, however, .strikingly ditfereut from the plains forms both in 
being more robust and in their darker color. These differences are brought 
out in the following descriptions. 

Creasote bush and Me.squit«' A.s.sociations.— Head brown, spotted with 
black. A well defined greenish, bright or light yellow stripe extends from 
the outer cauthus, along either sule of the back and onto the base of the tail. 

I The difference in .size between the specimens from the plains and Pifton-Cedar a.ssoriaflon 
is not expresssed so imiclj In total length a.> in tlie proportions. In specimens of the same ^rze 
from the two hahitat.s those from the plains have a proportionately shorter body and longer 
tail, the tall being about 1.54-1.6 times the length of the body, a.s against 1.2-1.32 in those from 
the Piflon-Oedar association. 
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Above this light stripe there is a dark or reddish browii band about two 
rows of scales wide, which is more or less marked with black, but not in 
the form of definite spots. A median dorsal band of dark olive or olive 
brown, unspotted. Limbs above brown and spotted irregularly with black. 
About three rows of scales below the superior lateral stripe, there is a sec¬ 
ond or inferior light band extending from below the orbit to the hind limb. 
Between these light stripes is a second band of the ground color (brown or 
reddish brown with small irregular black spots) which also covers the upper 
surface of the limbs. The ventral surface of the limbs and tail are white 
or yellowish. The belly possesses on either side a large pat(‘h of blue (dis¬ 
tinct in males, faint or wanting in females) separated by a wide inc*dian band 
of white. There is also a pair of blue spots on the throat, which are large 
and confluent mesially in males but small and mostly separated in females. 

Atriplex and Sumac-^'ucca Association.— Head light clay colored above. 
Median dorsal band light grayish slate. Sides of head and lateral slri[)cs 
light gray or white. Stripes of ground color very light yellowish brown, 
reddish brown, or white, irregularly spotted with black. Under surfa(‘es 
white except for the throat and belly spots. Both belly and throat s[>ots 
are well defined in the males, but the foriiu^r are mostly lacking in the 
females, the latter usually present although small. 

Pinon-Cedar Association. — Head dark brown marked with black 
cross bars. T^atcral strii)es light or dark gn*enish yellow. Bands of ground 
color dark brown or olive brown cro.ssed by nimuTous distinct narrow, 
black bars, that (‘ncroach upon and nearly interru[)t the superior lateral 
stripe. Median dorsal band dark greenish olive. Under surfa(»e of female 
iridescent, throat patches small and light blue in color, throat cls(*wherc 
delicately suffused with blue. Belly white. In the male the belly is yel¬ 
lowish white with two lateral patche.s of very dark purf)le st‘paruted by 
bluish; throat patches dark metallic blue, both throat and belly patches 
margined widi black. 

Habitat Relations .— (\)nsidcring the sjK.‘cimens ol)tained as belonging 
to a single form, the rangt* -of habitats Ls very large. Stone and ll(‘hn * 
record it from Highrolls (altitude 6540), which is in the Pifion-Cedar a.sso- 
ciation. We obtained it above Pinto (6(X)() ft.), which is also in the Pifion- 
Cedar association, in the Creo.sote bush association on the alluvial slo{x?.s, 
in the Mesquite and Atriplex associations on the plains and on the eastern¬ 
most dunes of the White Sarais. It was not found within the White Sands, 
not even in the bottoms, where the conditions are more like the Atriplex 
association than those of the surrounding dunes. 


^ Proo. Acad. Nat. Sci. Phila., 1903, 31. 
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It is primarily a ground form/ in the mountains being found among 
the rocks, on the plains about the foot of the bushes. On the dunes it occurs 
with HolbrooJcia maculata flainUmta and Cnemidophorus sexlineaius about 
the clumps of Lavender, Sumac and Yuecus. 

The stomach of the only White Sand specimen examined contains a 
robber fly, the remains of a small beetle and a few ants A specimen taken 
on the j)lains had eaten a grasshcjpyjer, a few small beetles, ants and one or 
two fragments of vegetable matter. 

Range ,— S. consobrimis has been rt‘Corded in central Texas and on the 
Mexican Plateau, High Plateau and Proplateau. On the High Plateau 
Stejneger^ states that it “is confined to the Cedar belt,” and this would 
seem to be the ease also in tlie Proplateau region of .\rizona since we failed 
to find it on the alluvial slopes or plains, although it is known to occur in this 
general region.® ()n the other hand in eastern New Mexico and western and 
central T(‘xas it occurs commonly both in the Pinon-Cedar association and on 
the j>lains. It may be found that, like Crotnphi/tiis collaris baileyi, this species 
pushes down the mountains in the eastern part of its range. 


Sceloporus consobnnus Baird & Girard. 


Habitat 


Field 

No. 


Locality 


When 

Collected 


Collector 


Feni- 

oi-ai 

Pores 


Alamogordo, .V. 3/. 


Pifion-C’edar 

77 

Box Cttfion, near 

July 6-06 

G. von Krockow 14-15 

As.sn. 


Pinto, N. M, 

Atriplex Assn. 

114 

Plains west of Alamo¬ 
gordo 

July 9-06 

A. G. Ruthven 

(t 

115 

n 

11 

'14-15 

It 

128 

11 

“ 

G. von Krockow 13-14 

Mesquite Assn. 

• 

158 

Plaias south of Ala¬ 
mogordo 

July 11-06 

A. G. Ruthven 16-16 


159 

u 

1 

“ 1 14-14 

Pifion-CVlar 

Assn. 

358 

Between Pinto and 
Highrolls, N. M. 

July 17-06 

“ ; 15-15 

Creosote bush 

411 

Alluvial slope east of 

; July 18-06 

' H ' 

Assn. 


, Alamogordo 

; 1 

Sumac-Yucca 

438 

White Sands west of 

’ July 19-06 

16-16 

Assn. 


Alamogordo 

1 


439 

<* 

i u 

1 

! 15-16 

u 

444 

It 

1 

1 “ 1 17-15 

n ‘ 

471 

It 

' i( 

G. von Krockow : 15-17 

It 

475 

It 

f 

1 ' 

i i 

1 “ : 16-17 


* Cope (Bull. U. S. Nat. Museum, XVII, 17) states that in central Texas “It is foiiml on 
the irround, but always takes refuge in tree.s, running on and around the limbs with great agility." 
At Alamogordo we never observed it to climb about in the bushes. 

* North Amer. B'auna, No. 3. 111. 

* Van Denburgh, Proc. Cal. Aea<i. Nat, Scl.. Ser. 2, VI. 341. 

Cope, Kept. U. S, Nat. Museum, 1898, 38l>“38l. 
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Phrynosoma hemandesi Girard. 


Phrynosoma doiKilnssii CN)PE. Proc. Acad. Nat. Sci. Phila., 1866, 302.— Allen, 
Proc. Host. Soc. Nat XVIII, 1874, 61).— Cope, Proc. Acad. Nat. Sci. Phila., 

1883, 12.— Boi lenokh, Cat. of Lizards in Brit. Museum, II, 1885, 240-241. (Part.) 

— Herhick, Tkhrv & Hkhhk’k;. Hull. Sci. Lab. Denison Uniw, XI, 1899, 131-135. 

Tapayn (iowjlassii H^iun, Kept. Pac. R.R. Surv., X (Beckwith-Guniiison Route), 
1859,18. (Part.) 

Phrynosoma dou'jlassiidonylasaii (’ope, Hull. U. S. Nat. Mus., 1,1875, 49. (Part.) 

— Yarrow, Wheelers Surv. We.sf (»f l(K)th Merid., V, 1875, 580-581.— Coues, 

591-593. (Part.)- V.vuuuw, Bull. U. S. Nat. Museum, XXIV, 1883, 11, 

68-69. 

Tapaya Jiernandrzu “CiIrard, U. S. Explor. Exi)ed., 1858, 395 ,"—(Urard 
apud Baird, U. S. and Mex. Hound. Surv., II, 1859, 8-9.— Baird, R,ept. Pac. R. R. 
Sur\L, X (Whipple-Ives Route), 1859, 38.— “ Bocm’^crt, Miss. Sci. Mex., Rept . 
1874, 228.” 

Phrynosoma h/'rnandesi C(U*E, Bull. U. S. Nat. Mas., I, 1875, 49.— Y.\rrow, 
ibid., XXIV, 1883, 11, 68. (Part.)—S te.i.\E(}ER, North Amer. Fauna, No. 3, 1890, 
112-115.— Vav Dexbt rgh, Proc. Calif. Acad. Sci, Scr. 2, VI, 1896, 342.— Stk.t- 
NEOER, Proc. U. S. Nat. Mus , XXV, 1902, 151.— Bailey, North Amer. Fauna, No. 
25, 1905, 43. 

Phrynosoma douqlnssii Jurnandesi Cope, Rept. I"". S. Nat. Mus., 1898 (1900), 
413-415.— Stone & Rehn, Proc. Acad. Nat. Sci. Phila., 1903, 32. 

Locality. We obtained a specimen (No. 585) of this honuMl toad at 
Cloudcroft, New Mexico, where it is a common fonn on both slopes of the 
mountains. None were taken at Tueson. 

Description of Specimens. One .series of marginal spines. No enlarged 
gular scales. Honis reduced, consi.sting of three temporals and one occi¬ 
pital on either side. Occipital horns directed posteriorly but not produced 
as far as the adjacent temporals. Femoral pores 15-16. 

In a living specimen there are four pairs of elongated rectangular black 
spots on tlic dorsal surface of tlie IxkIv, and a large jiair of nuchal blotches. 
The members of each pair of spots are separated by a median dorsal band^ 
that e.xtends from the* head to the posterior end of the triangular expansion 
of the base of the tail. This dorsal band is bluish white on the nape, be¬ 
coming dark slate on the bixly, and is confluent with the spaces between 
the spots. The color of these interspaces varies from dark slate toward 
the dorsal band, to dark olive brown on the sides, thu.s somewhat obscuring 
the margins of tlie spots. Posteriorly the first three spots on each side are 
margined near the vertebral band with a narrow light yellow line. Tail, 
fore and hind limbs light olive, rather indistinctly barred with black above, 
the black bars on the tail being apparently continuations of the dorsal series 
that is interrupted along the vertebral line to fonn the dorsal spots. There 
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is u patch of bluish white behind the angle of the jaw, and a dark orange 
red line extends posteriorly from the axillary pit, just above the marginal 
row of spines on either side. Head dark olive brown, sides of muzzle light 
orange yellow. Lower lip bright red. Homs pinkish. 

Ventral surface white, tinged with yellow and obscurely spotted with 
dark slate. Throat bright orange yellow. 

Habiiat Relatwm.—Dr. Stejneger^ in extending the name kernanded 
to include the Rocky !Moiiritain horned toads previously known as P.dmg- 
laBsii or P. dmiglafi.ni doughmii (not Agamu douglgsdi Bell) gives the habitat 
in the San Francisco Mountain region as being “chiefly confined to the 
cedar belt and lower ])ine belt.” In the Sacramento Mountains we only 
found it in the Pine-Spruce association on the summits, where it occurs 



Fiji:. JO. Sfiwimeim of Crittaphytm roUana hnUcyi from .4lamoi^ordo, N. M., showing the 
arrniigt'nient of the interorular sctile-j in the specimens from this region. 


a!)undantly. We did not liave the opportunity of determining the extent 
to which it descends the sloj>es, but Stone ^ states that it was “obtained 
abundantly by Mr. Vier(*(‘k in the Transition and Canadian belts,” evidently 
meaning by the Transition belt, the Pinon-Cedar association, although, 
as will be pointed out later (p. (K)l), the Pinon-Cedar zone is classed as Upper 
Sononin by MetTiam and Hailey. It is certain that it does not occur below 
the Knon-Cedar association. 

Range .— PhrgnoBoma hrrnamied has a very extensive range, the limits 
of which have not as yet lH*en definitely determined. As known at present 
it may be defined in gcuieral as the higher plateaus of the Rocky Mountain 
region in Colorado, Utah, Nevada, New Mexico and Arizona, and the 
mountain ranges of the Pro})lateiiu in southw’cstern Texas, southern New 


* North Ainer. Fauna. No. 3, 112-115. 
aProc. Acad. Nat. Sd. Phila., 1903,32. 
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Mexico and Arizona. As it occuns in the Pifion-Cedar association its 
distribution along the East Front Ranges in eastern New Mexico and 
southwestern Texas is very pi*ohably continuous with the major })art of its 
range to the northward. In the western i)art of its range the Colorado 
Plateau affords a continuous highway as far south as the middle of Arizona. 
South of the escarjanent that marks the southena margin of this jdateau, 
however, the Pifioii-Cedar association only occurs on the higher isolateil 
pt‘aks and short ranges that rise island-like from the surrounding des^*rt. 
In this region of o}>en basins and short ranges the distribution of Pliryno- 
soma hernandesi is discontinuous. It has \>eon recorded from the Huac’hucu 
Mountains, and there is little doubt but that it occurs on most, if not all, of 
the ranges of this region, that rise high enough to support the Pinon-Cedar 
and Pine-Spruce associations. 

It is not as difficult to explain the occurrence of this honied toad on the 
mountains of the Proplateau region in southcni Arizona, as it is to account 
for the pmsence of fonns of the Pine-S[)nice foi*est.s on the higher summits, 
for it is evident that it would not luive require<l a great decrt^ase in temper¬ 
ature in this region during the glacial period to cause the Pinon-(\*dar 
association to descend onto the higher mesas, and thus connect up isolated 
parts of this habitat. 

Phrynosoma solare Gray, 

Phrynosorna solare ^TIr.a.y, Cat. of Lizards in Brit. Museum, 184.5, 229.'’— 
Van Denburgh, Proc. Calif. Acad. Sci., Ser. 2, IV, 1894, 456; ibid., V, 8er. 2, 
1895, 115.— ("ope, Amer. Natur,, XXX, 1896, 1014.— Van Denbchgh, Proo, 
Calif. Acad. Sci., Ser. 2. VI, 1896, 342.— Cope, Kept. U. S. Nat. Mus., 1898 (1900), 
420-423. 

Phrynosoma regale ^'Girard, C. S. Explor. Exped., 1858, 406.'’— (iIRard apud 
Baird, U. S. and Mex. Bound. Surv., II, 1859, 9.— Cope, Proo. Acad. Nat. Sci. 
Phila., 1866, 302,— “ Bococrt, Miss. Sci. Mex., Kept., 1874, 235."— Yarrow, 
Wheeler’s Surv. West of 100th Merid., V, 1875, 578.— Coues, ibid,, 593.— Cope, 
Bull. U. S. Nat. Mus., I, 1875, 49.— Lockington, Am. Natur., XIV’, 1880, 295.— 
Yarrow, Bull. V. S. Nat. Mus.. XXIV’, 1883, 11, 66 — Boulenoer, Cat. of Lizards 
in Brit. Museum, IT, 1885, 245. 

Locality. — A single specimen of Phrynosoma solare was taken about a 
quarter of a mile south of old Fort Ix)well, Arizona. Prof. Thomber also 
presented the exjieditioii with five specimens taken in the vicinity of Tucson. 

Description of Specimens. (Fig. 21.)—This is one of the most spinous 
species of the genns, as one usually becomes aware when he endeavors to 
capture one alive. The honis are large, flattened in the dorso-ventral plane, 
slightly ujxrurved, and eonsist of four occipitals and six temporals, three on 
either side. The temporals are on a slightly lower plane than the occipitals, 
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but the difference in elevation is so slight that the appearance is that of a 
continuous ruff of horns about the back of the head. There are two rows 
of marginal spines, the inferior consisting of small acuminate scales, the 
superior of elongated, pyramidal spikes set very closely together. The 
two rows are sej>arated by several series of small flat scales. 

On either side of the dorsal line are one or two series of rather large, 
keeled and slightly elevated scales, and lateral to these four spaced rows of 
much laiger, strongly keeled, mucronate and elevated ones. The spines 
of the two upper rows on eitlier side are tlie larger, much broader than wide, 
their posterior faces are convex and their anterior concave. The spines of 



Fig. 21. PhrynoBoma solare from Tucson, Arix. 


the two lower rows are more erect and narrower, and of a p}Tamidal form. 
Posteriorly the first and third rows end in the lumbar region, the third in 
the lateral abdominal region, the second on the triangular base of the tail, 
but the spines of the fourth row, bec‘omiiig more erect, continue nearly to 
the end of the tail. Ifelow this series on the tail is a n>w of slender pyr¬ 
amidal spines that seems to be a continuation of the upfK^r marginal row on 
the body, although the connection between the two series is not definite. 
Ventral to this maiginal .series of spines on the tail there is a short rf)wof 
{x>ints on the expanded base. 

The forelimb and leg are covered above with large, keeled and niiicTonate 
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scales. On the thigh there are small, keeled scales interspersed with large 
scattered spines, and a row of keeled and pointed scales on the inner mai^. 

The general color is pale. There is a vertebral line of light yellow 
extending from the head to the end of the expanded base of the tail, and a 
similar narrower line on either side between the second and third rows of 
enlarged scales, extending from the neck to the lumbar region. The 
nuchal blotches are very dark brown. The ground color on the sides is 
bright yellow, somewhat variegated with dark brown which replaces the 
yellow near the light longitudinal line, and connects along these lines with 
the nuchal spots. The flattened scales adjacent to the light vertebral band 
and the fourth row of spines are also brown, and have black keels. The 
small scales between the flattened vertebral scales, the lateral light lines, 
and the third row of large spines are very light yellow. The hind limbs 
are barred with very dark brown above, but not very definitely. On either 
side of the expanded base of the tail is a large black blotch separated from 
its neighbor by the light vertebral line. This line is absent on the distal 
part of the tail, however, and the pattern consists of altenmte bars of bright 
yellow and black. The head is light gray, becoming dark brown toward 
the tip of the occipital horns. 

Habitat Relations .— Apparently nothing has been recorded on the habits 
of Phrynosoma solare. The single specimen taken was found beneath a 
Creosote bush on the plains just south of old Fort Lowell (Creosote bush 
association). Without doubt the five specimens taken by Mr. Price ^ '^on 
the desert near Fort LowelP^ were from this habitat, and probably also the 
specimens in the National Museum (Nos. 8437 and 17179) recorded by Cope.* 

The stomachs of the two specimens examined were both gorged with the 
remains of scores of ants. 

Range .— Unfortunately but few specimens of tliis honied toad have 
been recorded, so that it is impossible, as yet, to accurately define its range. 
Most of the literature that has accumulated has been based on specimens 
from the folloi^dng localities: ‘‘California''; “Gila and Colorado Desert"; 
Fort Lowell and Tucson, Arizona; Hermosilla, Mexico; Las Animas Bay, 
Lower California. Few as these records are they indicate that the home 
of P. solare is the same as that of Callisaurus ventralis — the Sonoran 
Desert in the extreme southwestern United States, and western Mexico — 
and like the latter species it probably pushes little farther into the Proplateau 
region than Tucson, Arizona. 
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Phrynosoma solare Gray. 


Habitat 

Field 

No. 

Locality 

When 

Collected 

Collector 

Creosote bush Assn. 

793 

Tucsony Ariz, 

Plains south of Fort 

Aug. 10-06 

A. G. Ruthven 


1094 

Lowell 

Tucson, Arizona 

? 

J. J. Thomber 


1095 

ti 

? 

u 


1096 

tt 

? 

u 


1097 

“ 

? 

tt 


1098 

u 

? 

tt 


PluTnosoma comutum Harlan. 

Agama comvXa Harlan, Jour. Acad. Nat. Sci. Phila., IV, 1825, 299; ibid., 
VI, 1829, 14.— '‘Griffith, Cuvier’s Anim. King., IX, 1831, 216.*'— Harlan, 
Jded. and Phys. Res., 1835, 141, 

Tapaya corntUa '‘Cu\'1er, Rbg. Anim., II, 1829, 37.” 

Phrynosoma bufonium “Wiegmann, Isis, 1828, 367.”— ”Grat, Sjnu Eept. 
Griff. Cuvier’s Anim. King., IX, 1831, 45.” 

Tropidogaster cornutua "Fitzinger, System. Kept., I, 1843, 79.” 

Tropidogaster bufonium “Fitzinger, System. Rept. I, 1843, 79.” 

Phrynosoma harlanii “Wiegmann, Herpt. Mex., I, 1834, 54.”—DuMisRiL & 
Bibron, Erp^tologie G4n6rale, IV, 1837, 314-318.— “Spring & Lacordierb, 
Anat., ]Pt. 2, 192, Bull. Acad. Roy. Bruxelles, 1842.”— “DumIsril, Cat. Meth. 
Coll. Rept. Mus., 1851, 28.” 

Phrynosoma orbiculare “Holbrook, North Amer. Herp., II, 1842, 93.” 
Phrynosoma planiceps Hallowell, Proc. Acad. Nat. Sci. Phila., 1852, 178.— 
Hallowell, Sitgreaves’ Exped. Zufii and Colo. Riv., 1853, 124-125,— Cope, Bull. 
U. S. Nat. Mus., I, 1875, 49.— Coues, Wheeler’s Surv. West of 100th Merid., V, 
1875, 593.— Yarrow, ibid., 579. 

Phrynosoma comutum planiceps Botjlenger, Cat. of Lizards in Brit. Museum, 
II, 1885, 246. 

Phrynosoma comuium “Gray, Syn. Rept. Griff. Cuvier’s Anim. King., IX, 
1831, 45.”— “Holbrook, North American Herpetology, II, 1842, 87.”— “Gray, 
Cat. Liz. Brit. Mus., 1845, 229.”— Girard, Stansbury’s Exped. Gt. Salt Lake, 
1852, 360.— “Blanchard, Organ. Reg. Anim., 1852, Pt. 5.”— Hallowell, Sit- 
greaves’ Exped. Zufii and Colo. Rivers, 18.53, 119-122, 145,— Baird & Girard, 
Marcy's Explor. of the Red Riv., 1854, 204-205.— “Girard, U. S. Explor. Exped., 
1858, 403.”— Baird, U. S. and Mex. Bound. Surv., II, 1859,9.— Baird, Rept. Pac. 
R. R. Surv., X (Whipple-Ives Route). 1859, 37.— “Bocourt, Miss, Sci. Mex,, Rept., 
1874, 236.”— Cope, Bull. U. S. Nat. Mus., I, 1875, 49.— Yarrow, Wheeler’s Surv. 
West of 100th Merid., V, 1875, 579.— Cope, Bull. U. S. Nat. Mus., XVII, 1880, 
17-18, 44, 46.— Yarrow, ibid., XXIV, 1882, 11, 66-67.— Cope, Proc. Acad. Nat. 
Sci. Phila., 1883, 10, 12.— Boulenger, Cat. of Lizards in Brit. Museum, II, 1885, 
245-246.— Cope, Proc. Am. Phil. Soc., XXII, 1885, 169; ibid., XXIII, 1886, 282. 
— Cope, Bull. U. S. Nat, Mus., XXXII, 1887, 39.— Cope, Proc. U. S. Nat. Mus., 
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XI, 1888, 398.— "Cope, Proc. Acad. Nat. Sci. Phila., 1892, 335.— Van Denburgh, 
Proc, Calif. Acad. Sci.. Scr. 2, VI, 1896, 342.— Herrick, Terry, & Herrick, Bull. 
Sci. Lab. Denison Univ., XI, 1899, 135-136.— Cope, Kept. U. S. Nat. Mus,, 1898 
(1900), 432-436.— Cope, Proc. U. S. Nat. Mus., XXV, 1902, 151.— Stone & Rehn, 
Proc. Acad. Nat. Sci. Phila., 1903, 32.— Stone, ibid,, 540.— Brown, 546, 552. 
— Bailey, North Amer. Fauna. No 25, 1905, 43. 

Locality .— Phrynnsonm cornutnm is the common horned toad on tiie 
desert about Alamogordo, X. M., where nine .six'cimens were taken. It 
has been recorded from .soiitheasteni Arizona, and even from the vicinity 
of Fort Lowell,^ but we did not find it in this region. 



Fig. 22, Phrymmma cornutum from Alamogordo, N. M. 


Description of Specimens. (Fig. 22.) —Tlie ground color above varies 
from dark orange yellow to dark brown. Tliere is a pale vertebral line, 
and two rows of large, dark brown or black .spots on either side. There 
are four spot.s in the lower series, three or four in the upjxT row, and the 
last spot in each series is usually united with the corre.sponding spot in the 
adjacent row to form a rleeply notched cross band. There is also a similar 
pair of large spots on the base of the tail, separated by the vertebral line 
that extends to (he slender portion of the tail. All of these spots are gener- 


^ Cope, Kept. U. 8. Nat. Mus., 1898, 430. 
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ally margined broadly with bright yellow. Distal end of tail cross-barred 
with black or dark brown; upper surface of limbs irregularly barred with 
the same color. 

Head and face distinctly barred with black. The pattern on the head 
usually consists of a transverse bar between the superciliary horns, and 
similar bars across the middle and anterior portions of the interorbitai 
region. On the sides of the head a dark bar extends from the anterior bar 
on the top of the head across the mouth, another also across the mouth 
from the middle of the orbit, a third extends from the posterior orbital 
angle to the first temporal horn, and a fourth from the superciliary horns to 
a point between the occipital and third temporals. The occipitals, first 
and usually a varying amount of the second temporals, and the posterior 
halves of the superciliary horns are veiy^ dark horn color, the third and part 
of the second temporal spines light horn color. Ventral surfaces very light 
yellow or cream colored, with scattered dusky spots. 

Habiiat RelatUms .— Like Anofa modesta the habitat of P. comutim is 
the plains. It is the common homed lizard of the Mesquite association 
about Alamogordo, and in the Creosote bush association of the adjacent 
alluvial slopes. It was not found in the Atriplex association west of Ala¬ 
mogordo, nor on the Sacramento Mountains. 

Almost nothing has been recorded on the habitat of this reptile. Rehn 
and Vicreck only record it from the plain about Akmogordo. Herrick 
states that it is common in the valley of the Rio Grande, and Bailey that 
it is an arid Ix)wer Sonoran form in Texas. 

An examination of several stomachs shows that the principal food is 
ins<^cts; ants greatly predominating. Beetles arc present in small num¬ 
bers, and a few leaves of some weed, which may have been taken in acci¬ 
dentally with the food. Co|)e^ records specimens from Lake Valley, N. 
M., as **full of eggs in June.'' 

Range ,— P. cormitim occurs chiefly in the Proplateau region of western 
Texas, southern New ^Mexico, and southeastern Arizona, and on the northern 
))art of the Mexican Plateau. It has been recorded from Utah.^ To the 
eashvard it extends through central Texas into the margin of the forest 
area of the eastern part of the State. 

» Fror. Nat. Sd. Phila., 1883, 10. 

» Kept. U. S. Nat. Mus.. 1808. 436. 
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Phrynosoma comutum Harlan. 


Habitat 

' Field 
No. 

Locality 

When 

Collected 

Collector 

Mesquite Assn. 

84 

Alamogordof N, M, 
Plain near Alamogordo 

July 7-06 

G. von Krockow 

(t 

86 

a 

a 

A. F. Zimmer 

it 

no 

it 

July 9-06 

A. G. Ruthven 

it 

146 

it 

July 10-06 

it 

it 

151 

it 

a 

G. von Krockow 

Creosote bush Assn. 

413 

Alluvial slope east of 

July 18-06 

A. G. Ruthven 

it 

590 i 

Alamogordo 

July 25-06 

G. von Krockow 

Mesquite Assn. 

603 

Plain near Alamogordo 

July 26-06 

_ 

A. G. Ruthven 


Anota modesta Girard, 

Phrynosoma modeatum Giraud, Stansbury’s Exped. Gt. Salt Lake, 1852, 365.— 
Hallowell, Sitgreaves’ Exped. Zufii and Colo. Rivers, 1853, 145.— Cope, Proc. 
Acad. Nat. Sci. Phila., 1866, 302.— ^'Bocourt, Miss. Sci. Mex., Kept., 1874, 232.” 
— Yarrow, Wheeler’s Surv. West of 100th Merid., V, 1875, 577. — Couer, tM., 
594.— Cope, Bull. U. S. Nat. Mus., I, 1875, 49.— Cope, P^roc. Acad. Nat. Sci. Phila., 
1883, 10, 12.— Yarrow, Bull. U. S. Nat. Mus., XXIV, 1883, 11, 64.— Boulenger, 
Cat. of Lizards in Brit. Museum, 11,1885, 248.— Cope, Proc. Am. Phil. Soc., XXllI, 
1886, 282.— Cope, Bull. U. S. Nat. Mus., XXXII, 1887, 38.— Cope, Proc. Acad. 
Nat. Sci. Phila., 1892, 335.— Van Denborgh, Proc. Calif. Acad. Sci., Ser. 2, VI, 
1896, 342.— Brown, Proc. Acad. Nat. Sci. Phila., 1903, 546, 552.— Bailey, North 
Amer. Fauna, No. 25, 1905, 43'-44. 

Doliosaurus modestus ‘^Girard, U. S. Explor. Exped., 1858, 309.”— Baird, U. 
S. and Mex. Bound, Surv., II, 1859, 10.— Girard, Kept. Pac. R. R. Surv., X 
(Whipple-Ives Route), 1859, 38. 

Phrynosoma platyrhynus Herrick, Terry & Herrick, Bull. Sci. Lab. Denison 
Univ., XI, 1899, 136-137. 

Anota modesta Cope, Amer. Natur., XXX, 1896, 1014,— Cope, Rept. U. S. Nat. 
Mus., 1898 (1900), 437-439.— Stone & Rehn, Proc. Acad. Nat. Sci. Phila., 1903, 
32. 


Locality ,— Seven specimens of Anota modesta were secured on the 
plains about Alamogordo, where it is quite common but not as abundant as 
P, comutum. It was not found about Tucson, Arizona. 

Description of Specimens ,— There is little variation in the coloration of 
the specimens taken in the Atriplex association. The ground color above 
is light brownish yellow. The only markings on the head consist of num¬ 
erous small black spots that are usually, but not always, confined to the 
points of the rugosities. On the nape there is a pair of large nuchal blotches 
that extend from the head to a point behind the fore limbs, and a similar 
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pair in front of the hind limbs. These spots may or may not connect along 
the sides of the body. On the dorsal surface there are usually numerous 
small, black or dark brown spots that may occur singly or grouped into 
larger spots. The limbs are usually indistinctly and irregularly barred 
above, and there is a series of distinct cross bars on the tail. The proximal 
band is usually divided on the median line, and the two halves expand to 
form a laige spot on either side of the triangular base of the tail. 

In one specimen taken in the Creosote bush association the ground 
color above is light orange yellow, the head being dark slate. There are 
no spots on the dorsal surface, the usual large spots on the sides being repre¬ 
sented by a dusky shade that extends along either side from the head to the 
hind limb. 

In the other specimen taken in the Creosote bush association the ground 
color is yellowish gray; that of the head light slate. No dorsal spots, and 
the usual lateral spots represented only by a dark shading. 

The ability that some honied toads have of changing their color has 
often been remarked upon. That this species has this power was shown in 
a striking way by specimen No. 122. It was necessary to shoot this specimen, 
as it was making for an impenetrable Crucifixion thorn bush when dis¬ 
covered. It was not seriously injured, but bled quite freely, and when the 
bag in which it was placed became stained with the blood, the large black 
lateral spots, which were previoasly very distinct, became a bright pink, 
and remained so for four hours, only becoming black again when the speci¬ 
men was killed. 

Habitat Relations .— This horned toad was found about Alamogordo 
only on the plains and the adjacent alluvial slope. It is widely distributed 
there, however, occurring in the Atriplex, Mesquite and Creosote bush 
associations, being apparently more common in the Atriplex association 
west of Alamogordo. 

Bailey ^ states that ‘'apparently the species belongs to Lower Sonoran 
zone and extends to its extreme upper limit.** According to his interpreta¬ 
tion this would mean that A, modesta occurs through the Sotol-Ocotillo 
association to the lower limit of the Piflon-Cedar zone. This it does not 
seem to do in this part of its range, as no specimens were observed by us 
above the Creosote bush association on the alluvial slope, and Rehn and 
Viereck only record it from ''the plains about Alamogordo.** It is entirely 
probable, however, that it occurs to some extent in the Sotol-Ocotillo asso¬ 
ciation as there is no sharp line between this zone and the adjacent Creosote 
bush association, but be this as it may it is quite evident that the principal 
home of Anata modesfa in this region is on the plains. 


1 North Amer. Fauna, No. 25, 43. 
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The stomach contents of several sj^ecimens consist very largely of ants; 
a few beetles arc also present, and a small amount of vegetable matter. 

Range ,— The limits of the range of Anota modesta are not as yet definitely 
known, but as far as our knowledge goes its distribution is in harmony with 
the arid character of its habitat. 

It occurs in the Prairie region of central Texas between the 98th meridian 
and the eastern edge of the Staked Plains. To the south it skirts the mai^in 
of the High Plateau, and is found in the open arid basins of the Mexican 
Plateau and Proplateau regions as far w^estward as southeastern Arizona. 
In western Texas and New Mexico it takes advantage of the three highways 
that permit the most northern extension of the range of the plains types in 
this region, and is found in the Pecos, Hueco, and Rio Grande basins, in 
the latter possibly as far north as Albuquerque. The western boundary 
of its range in southern Arizona seems to be marked in general by the western 
mai^in of the Proplatcau, but it may be found to follow this feature through 
the central part of the State. 

Anota modesta Girard. 


Habitat 

Field 

No. 

Locality 

When 

Collected 

Collector 

Fem¬ 

oral 

Pores 



Alamogordo, N. M. 




Atriplex Assn. 

Ill 

Plains west of Alamo- 

July 9-06 

A. G. Ruthven 

13-13 


gordo 



ti 

122 


ff 

G. von Krockow 

15-15 

Creosote bush 

219 

Alluvial slope east of 

July 13-06 

A. G. Ruthven 

10-9 

Assn. 


Alamogordo 

(< 



if 

412 

July 18-06 

A. G. Ruthven 

12-12 

Atriplex Assn. 

467 

Plains west of Alamo¬ 
gordo 

ff 

July 19-06 

A. F. Zimmer 

14-10 

(t 

468 

« 

A. G. Ruthven 

12-12 

it 

j 469 


ff 

A. F. Zimmer 

11-12 


Coleonyx brevis SUjneger. 

Stenodactylus variegatus Baird, U. S. and Mex. Bound. Surv., II, 1859, 12. 
(Part.) 

Evblepharis variegatus Boulengeu, Cat. of Lizards in Brit. Miiseuin, I, 1885, 
233-234.— Cope, Arner. Natur., XXX, 1896, 1(X)9.— Cope, Kept. U. S. Nat. Mus., 
1898 (1900), 466-469. (Part.) 

Coleonyx variegatus Cope, Bull. U. S. Nat. Mus., I 1875, 52. (Part.) — Ibid,^ 
XVII, 1880, 13-14, 44, 46.— Yarrow, ibid., XXIV, 1883, 11, 72. (Part.).— Her¬ 

rick, Terry & Herrick, Bull. 8ci. Lab. Denison Univ., XI, 1899, 119. 

Coleonyx brevis Stejneger, North Anier. Fauna, No. 7, 1893,162-164.— Bailey* 
ibid., No. 25, 1905, 44. 
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Locality ,— A single specimen (No. 55) of this Gecko was taken near 
Alamogordo, New Mexico, The Geckos obtained at Tucson belong to 
the following species. 

Description of Specimens ,— Pupil vertical, eyelids well developed. 
Head and body above covered with small granular scales except about the 
mouth and nostrils. Tail cylindrical, covered with whorls of small scales. 
A small spme on either side of the base of the tail. Toes conical, covered 
with small scales, and possessing a median ventral series of wide lamellae; 
claws short. Seven small supralabial plates extending from a well developed 
rostral to a point beneath the eye. A similar row of infralabials diverging 
from a large symphysial plate. A single prenasal scute applied to the sides 
of the rostral, and separated from its neighbor on the opposite side by a small 
scale behind the apex of the rostral. 

The differences between C. brevis and C. variegatus are so slight that it 
is impossible on the basis of most of them to determine the species of the 
few specimens obtained by the expedition. Thus both in the individuals 
from Alamogordo and from Tucson the snout is a trifle longer than the 
distance from the posterior angle of the orbit to the ear, and the number of 
sujierior labials in the Alamogordo specimen is the same as in one from 
Tucson. The size of the intcrna.sals, however, separates sharply the Ala¬ 
mogordo specimen from those from Arizona. In the former specimen, as 
stated alx)ve, the prenasal scutes are separated from each other on the 
median line, while in both of the individuals from Tucson they are broadly 
in contact. AVhether or not the differences between eastern and western 
individuals are of s})ecific value, however, is another question. It seems 
quite probable that the two forms may subsequently be found to inteigrade. 

Habitat Relations ,— This Gecko is evidently nocturnal in its habits 
as is evidenced by its vertical pupil. Cope ^ states that he found it in western 
Texas “in the rocky hills of the first plateau northwest of San Antonio.'^ 
The Alamogordo specimen was taken under a large stone, in the up- 
p€‘r part of the Creosote bush association on the talus slope. It doubtless 
does not occur commonly on the plains owing to the absence of rocks and 
other objects under which it could hide, but it may be expected to occur 
in the Sotol-Ocotillo zone of the foot hills. (Compare habitat relations 
of C. variegatusf p. 554.) 

Range ,— Before the species C, brevis was established, the range of C. 
variegatus was given as central Texas to California. Since the eastern 
and western forms were separated, however, there has been a questionable 
region betw^een Tucson, Arizona, the most eastern record for C, variegatuSj 

1 BuU. U. S. Nat. Mus., XVII. 14. 
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and central Texas, the only region from which si5ecimens of C, brevis have 
been recorded. The Alamogordo specimen helps very materially to bridge 
this gap by carrying the range of C. brevis well into the Proplateau region. 
The western limit of its range must now be sought to the westward of the 
Hueco bolson. 

Ooleoii 3 PC variegatus Baird. 

StenodactyluH variegatus Baikd, Proc. Acad. Nat. Sci. Phila., 1858, 254.— Baird, 
U. S. and Mex. Bound. Surv., II, 1859. 12. (Part.) 

Evblepharis fasciatus Bottlenoeh, Cat. of Lizards in Brit. Museum, I, 1885, 
234. 

Coleonyx variegatus Cope, Proc. Acad. Nat. Sci. Phila., 1866, 310; ibid,, 1867, 
86.— Cope, Bull. U. S. Nat. Mus., I, 1875, 50. (Part).— Coues, Wheeler's Surv. 
West of 100th Merid., V, 1875, 590.— Yarrow, Bull. U. S. Nat. Museum, XXIV, 
1883, 11, 72. (Part.)— Stejneger, North Amer. Fauna, No. 7, 1893, 162-164.— 
Van Denburgh, Occ. Papers Calif. Acad. Sci., V, lvS97, 40-42.— Cope, Kept. U. S. 
Nat. Museum, 1898 (1900), 466-469.— Meek, Field Museum of Nat. Hist., Zool. 
Series, VII, 1905, 4. 

Locality .— Two specimens (Nos. 840 and 1035) of Coleonyx variegatus^ 
which had been taken near Tucson, were presented to the })arty, one by 
Prof. Thomber. 

Description of Specimens .— Similar to C. brevis, but with lietter developed 
prenasal scutes which meet broadly above. Su})eri()r labials 7 in one s}K‘ci- 
men and 6 in another. Both specimens secured were in alcohol so that the 
colors of the living animal could not be obtained. The general color pattern 
is as follows: A broad, tran.sverse, dark band on the neck and four on the 
body. These bands are continued onto the tail, forming rings on the 
distal portion. Between these bands the color is white, with a few dark spots, 
especially on the sides. Ground color of head white with numerous, 
rather large, dark spots that tend to l^ecome elongated longitudinally on 
the snout. 

Habitat Relations .— This form, like its more eastern relative C. brevis, 
is also nocturnal in its habits. Van Denburgh* remarks that *‘An indi¬ 
vidual kept in confinement for more than a year s}>ent most of his time 
in a hole provided in the ground of hb cage. His food during this time 
consbted entirely of house flies. Hb usual time of feeding was after dark, 
but not infrequently he would snap up a fly which chanced to stray into the 
mouth of hb burrow during the day, and sometimes would come forth in 
search of prey while the sun was shining brightly on hb den.'' 

Prof. Thomber's specimen (No. 1036) was found under a board on the 
University grounds, which are in the Creosote bush association, where he 


^ Occ. Papers, Calif. Acad. Sci., V, 42. 
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says it is occasionally captured under boards or piles of cord wood. The 
liabitat of the other specimen was unknown. Prof. F. E. Lloyd informed 
us that he had observed it quite frequently under stones on Laboratory Hill. 
The latter habitat is undoubtedly a natural one, and it is doubtless to be 
found in the Suaharo-Ocotillo association on most of the higher elevations 
in this region. We do not believe that it will be found to occur commonly 
in the Creosote bush association on the plains, owing to the absence of objects 
under which it may hide, although it may occur here in holes instead of under 
stones as on the higher elevations. 

Range ,— In the discussion of the range of C, breins it was stated that 
the known eastern limit of C, variegatm is Tucson, Arizona. It is known 
to extend from here westward to the Sierra Nevadas in southern California 
(Inyo, Keni and Riverside counties). Its northeni and southeni distri¬ 
bution is still unknown, but it has been recorded from Ventanas, Mexico, 
and San Filipe, Lower California. 


Heloderma suspectum Cope, 

Heloderma horridum Baird, U. S. and Mex. Bound. Surv., II, 1859, 11.— Baird, 
Rept. Pac. R. R. Surv., X (Whipple-Ives Route), 1859, 38.— Cope. Proc. Acad. 
Nat. Sci. Phila.. 1866, 303. 

Heloderma suspectum Cope, Proc. Acad. Nat. Sci. Phila., 1869, 5.— Cope, Bull. 
U. S. Nat. Mus., I, 1875, 47.— Yarrow, Wheeler's Surv. West of 100th Merid., V, 
1875, 562-563.— Coues, ibid,, 601-602.— ‘‘Bocourt, Miss. Sci. Mex., Rept., 1878, 
297."— “Yarrow, Bull. U. S. Nat. Mu.s., XXIV. 1883, 9, 48.— Boulexger, Cata¬ 
logue of Lizards in Brit, Museum, II, 1885, 302.— Htejxeger, North Ainer. Fauna, 
No. 7, 1893, 194-195.— Cope, Amer, Natur., XXX, 1896, 1014.— Van De.nburgh, 
Occ. Papers Calif. Acad, Sci., V, 1897, 120-122.— Herrick, Terry k Herrick, 
Bull. Sci. Lab. Denison Univ., XI, 1899. 144.— Cope, Rept. U. S. Nat. Mu.s., 1898 
(1900), 476-483.— Brown, Proc. Acad. Nat. Sci. Phila., 1903, 552, 

Locality. — One siiecimen (No. 968) of the Gila Monster was brought 
back by the Expedition. It was taken on the mesa near the mouth of 
Sabino Canon, Santa Catalina Mountains, Arizona. 

Description of Specimen, — The single specimen obtained of this well 
known form seems to be entirely normal and needs no description. 

Habitat Relations, — It seems strange that practically nothing has been 
recorded on the habitat of such a well known animal as the Gila Monster. 
About Tucson we found that its principal habitat was the alluvial slope at the 
foot of the Santa Catalina Mountains (Suaharo-Ocotillo association), where 
it is quite common. In four weeks collecting none were seen by us on the 
plains in this region, and Prof, Thomber informed us that specimens were 
only very rarely secured in this habitat. 
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In spite of the sluggishness usually attributed to the Gila Monster it 
can fight fiercely, and when angered displays an unexpected agility in view 
of its awkward apjKiarance. The specimen captured wlien seized with 
long forceps struggled fiercely, snapping and hissing, and throwing its head 
from side to side with surprising swiftness. When its teeth came in contact 
with any object, such as the side of the bag into which we were endeavoring 
to place it, it held on with bulldog tenacity, making it necessary to pry o|>en 
the jaws to free the bag. 

Van Denbuigh,^ writing on the much debated question of the venomous 
nature of the bite of this reptile, states that ‘'The Gila Monsters are the 
only lizards whose bite is known to be poisonous. The venom is secreted 
by large glands situated just under the chin, and flows out, onto the floor 
of the mouth between the lips and the gums. Being below the teeth and 
not directly communicated to them, the poison sometimes fails to find its 
■way into a wound although the teeth are grooved to afford it a passage.^' 
He further remarks in regard to its food habits that ‘Tn spite of its clumsy 
form it sometimes climbs bushes, probably in search of bird\s eggs, which, 
together with young rabbits, etc., form its food.” 

Range ,— As known at present the range of H, smpecium is quite limited. 
Living specimens seem to have been obtained only in southwestern Arizona, 
and in the northwestern part of the State of Sonora in Mexico. The southern 
extent of its range is unknown. That it ranges farther northward in the 
basins of the Proplateau region, seems to be indicated by the finding of a 
dead specimen in the valley of the Virgin River in southeni Nevada.^ How¬ 
ever, the extent of its occurrence in this region has not as yet been ascer¬ 
tained. It is thus to be considered as a fonn of the Sonoran Desert, which, 
with Callisaurus veniraUs uimX Phrt/nosonm solarc, only enters the margin of 
the Proplatcau region. 

Cnemidophorus gularis Balnl & Girard. 

Cnernuiopiwrus gularv^ Baird & Girard, Proc. Acad. Nat. Sci. Philu., 1852, 
128.— Baird & Girard, Marcy's Explor. Red Riv., 1854. 210-211.— ^‘Hallowkll, 
Proc. Acad. Nat. Sci. Phila., 1856, 239.”— Baird, U. S. and Mex. I3oiind. Siirv., 
II. 1859, 11.— Baird, Kept. Pac. R. H. Surv., X (Whipple-Ives Route), 1859, 38.— 
Van Denburgh, Proc. Calif. Acad. Sci., Ser. 2, VI, 1896, 342-343. — Stejnegeu 
Proc. U. S. Nat. Mits., XXV, 1902, 151. — Stone & Rehn, Proc. Acad. Nat. Sci. 
Phila., 1903, 32-33. Stone, ibid., 540-541.— B.uley. North Arner. Fauna, No. 25, 
1905, 44. 

Cmmidoplwrus gularis gxdaris C-ope, Proc. Acad. Nat. Sci. Phila., 1892, 334. 
— Cope, Rept. U. S. Nat. Mus., 1898 (1900), 602-605. 


• Ofc Pap^Ts Calif. Acad. 8ci., V, 122. 
2 .North Anicr. P’auna, No. 7. 194-195. 
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Cmmidophorm sexlineatua guiaris Cope, Proc. Acad. Nat. Sci. Phila., 1866, 
303-304.— CouE6, Wheeler's Surv. West of 100th Mend., V, 1875, 602-603.— Cope, 
Bull. U. S. Nat. Mus., XXXll, 1887, 44. 

Cnemidoplurrus guttatm Hallowell, Proc. Acad. Nat. Sci. Phila., 1854, 192. 

Cnemidophorua gularia scalaris Cope, Kept. U. S. Nat. Museum, 1898 (1900), 
605-607. (Part.) 

Cnemidophorits scalaris Van Denbuugh, Proc. Calif. Acad. Sci., Ser. 2, VI, 
1896, 343-344. 

Cnemidophorua sexlviveatus Yakbow, Wheeler's Surv. West of 100th Merid., 
V, 1875, 557-558.— Cope, Bull. U. S. Nat. Museum, 1,1875,45, (Part.)— Yarrow, 
ihid.j XXIV, 1883, 84, 3-44. (Part.; -- Boulen<3ER, Cat. of Lizards in Brit. Museum, 
II, 1885; 364-365. (Part.) 

Locality .— Cncmidophorm gularu was found to be common in suitable 
habitats both at Alamogordo and Tucson. 

Description of Specimens .— In sciitcllation this species is distinguished 
with difficulty from C. sexlmeatus. In C. guiaris the scales on the gular 
fold (especially the marginal row) are generally relatively larger than in 
C. sexUneatuSy and there is always in C. guiaris one or two rows of enlarged 
scales on the posterior face of the forearm (separating the minute dorsal 
and ventral scales) which are either aksent in C. sexlineatus or when present 
much smaller than in the former .sj)ecies. These characters are unsatis- 
factor}% however, the better marked characteristics being in the coloration. 
These are: (1) In the adults of C. guiaris the pattern always consists of 
stri|)es and spots as descril^ed Inflow, while in C. sexlineatus it is composed 
of strij)es only. (2) In C. gularw the meml)ers of the dorsal pair of strijws 
are closer together than in C. sexlineatus (not considering the median dorsal 
line), the interspace l)eing as narrt^w or narrower than the adjacent lateral 
one in the former species, generally wider in the latter. ^ 

There is considerable variation in size among Tucson specimens, so 
much so, in fact, as to have caused their referenc*e to different species. 
Stejneger after an examination of specimens in tliis collection, both from 
Alamogordo and Tucson, still considers the eastern and western individuals 
as all l)elonging to a single form (C. guiaris) as he lias alw^ays done, but 
Cope ^ and Van Den burgh * have both referred the larger Tucson specimens 
to C. scalaris, although both record C. guiaris from the same region. 

From our series it is evident that there Is but one species at Tucson, 
and that the specimens referred to t}Tpical C. guiaris by Van Denburgh and 
Cope are in reality not full grown specimens. Since individuals of this 
size are generally indistingui.shable from Alamogordo specimens I have no* 
hesitancy in referring them to the same species. The difference between 
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them lies in the fact that while those from Tucson may grow to a total 
length of 400 mm. and over, I am convinced that Alamogordo specimens 
seldom exceed 280 mm. in length. This difference I believe may be attri¬ 
buted to differences in the nature of the habitat, as stated below. Femoral 
pores 16-21 (usual number 18 or 19). 

. The color descriptions are as follows: 

(a) Young specimens from Tucson (body length 35 mm.). Above 
black with six longitudinal lines of pale bluish white, but no spots. The 
median dorsal pair of stripes end at the cephalic plates, the second on 
either side is continued above the eye, the lowest above the ear to the eye. 
Head dark brown. Limbs pale brown marbled with darker, a pale line 
along the posterior face of the thigh. Tail light reddish, the light and dark 
bands of the dorsal surface plainly indicated on its base. Belly white. 

(b) Adult specimens from Alamogordo (body length 85 mm.). Dorsal 
surface reddish brown with six greenish or light reddish brown stripes, 
separated by one or more irregular rows of rounded pale orange spots. 
The ground color of the limbs above is the same as that of the dorsal surface 
of the body, and is spotted with lighter. Tail light brown. The members 
of the median pair of stripes are as a rule close together, but may be separated 
more widely and have a row of spots in the interspace. 

(c) Medium sized specimens from Tucson (body length 80-90 mm.). 
The same as b except that the ground color may be black, and the median 
pair of dorsal stripes are usually wider apart with a row of light spots in 
the interspace. Stripes in the darker specimens bright greenish yellow. 

(d) Laige specimens from Tucson (body length 125 nun.). In the 
largest specimens from this locality the ground color is very dark reddish 
brown or black, and the stripes (beginning anteriorly) are nearly or entirely 
broken up into spots. Spots greenish blue. Neck uniformly dark reddish 
brown, with or without faint indications of the usual longitudinal stripes. 

Habitat Relations ,— Alamogordo. At Alamogordo this lizard was 
found only in the low^er part of the canons, and in the stony arroyos on the 
alluvial slopes (Fig. 8). Its habitat is thus quite distinct from that of C. 
sexlineafus which is found only on the plains. 

Tucson. At Tucson it occurs likewise in the lower part of the cations, 
and follows down the arroyos on the slopes to the Santa Cruz River where 
it is a characteristic reptile in the Willow-Poplar association on the banks. 

While it thus occupies the same topographic features in the two locali¬ 
ties, the other environmental conditions are sufficiently dissimilar to make 
the habitat a very different one in the two regions. This is well illustrated 
by the plants. At Alamogordo the vegetation consists of the Sotol, Ocotillo, 
various cacti, yuccas, etc., and the habitat is a very open and arid one, while 
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at Tucsob the v^etation consists of trees and bushes, and the habitat is 
the most shaded and protected one below the Pihon-Cedar association. 
It may or may not be significant that the only specimen taken in a dry 
arroyo at Tucson (v^tation Ocotillo, cacti, etc.) is a ‘‘medium si25ed'' 
individual with both stripes and spots, while the largest specimens were 
only found in the Willow-Poplar association along the streams. At any rate 
it is conceivable that the environmental conditions at Tucson may be more 
favorable for this species than those composing its habitat at Alamogordo, 
and thus be directly or indirectly the cause of the larger si25e attained by 
individuals in this locality. If this is the true explanation of the facts in 
the case it must be that the Alamogordo specimens are eithei inhibited 
from attaining a larger size by the exigencies of their habitat, or represent 
a dwarfed race. 

In both localities C. gularis is strictly a ground form. At Alamogordo 
it is found among the rocks and clumps of yuccas, cacti, etc.; at Tucson 
about the bushes and weeds that form the underbrush in the Willow-Poplar 
association, and among the rocks in dry cafions. In the Willow-Poplar 
association it is difficult to secure owing to its shyness and the rapidity of 
its movements. The large individuals can often be heard several rods away 
rustling about in the leaves and brush, but they are almost constantly in 
motion and stay close to the protection of the bushes. 

The food, as shown by the examination of a number of stomachs from 
both localities, consists entirely of insects; beetles and ants forming the 
bulk of the stomach contents. 

Range. — The principal home of this species is the Ptoplateau region. 
It has been found in northern Mexico, southern Arizona, New Mexico, 
and western Texas. In Texas it has been recorded from as far east as 
Waco in the Prairie region, but the specimens upon which the central Texas 
records are based should l>e carefully refixamined and distinguished from 
the western form of C. sexlineatus which occupies the same region (see p. 557). 
It has not been recorded from the Sonoran desert. 

Cnemidophorus gularis Baird & Girard. 

Habitat Ix)eality j | Collector 

, Alamogordo, N. M. \ 

98 Alluvial slope east of July 8-06 i G. von Krockow 18-19 
Alamogordo ; 

160 “ July 11-06 ; A. G. Ruthven * 18-? 

161 “ “ “ ; 18-19 

162 « I ^ p Zimmer 18-18 


Creosote Bush 
Assn. 
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Habitat 


Field 

No. 


Locality 


When 

Collected 


i 

i Collector 


Fern- 
I oral 
1 Pores 


Creosote Bush 
Assn. 

Arroyo in Cre¬ 
osote bush 
Assn. 

u 


il 

il 

<< 

n 

Sotol-Ocotillo 

Assn. 

n 

ti 

tt 

It 

tt 

tt 

tt 


Willow-Poplar 

Assn. 

Suaharo-Oco- 
tillo Assn. 
Willow-Poplar 
Assn. 

tt 

tt 

it 


tt 

tt 


tt 

tt 

it 

ft 


168 ' Alluvial slope east of July 11-06 1 A. F. Zimmer 
! Alamogordo i 

179 July 12-06 ; A. G. Ruthven 


18- 19 

19- 19 


180 

218 

235 

236 

237 

238 
269 
553 


554 

557 

558 

560 

561 

586 

587 

608 

663 

685 


it 


it 

ti 

it 

it 

I Drj’ Caflon east of 
' Alan\ogordo 

it 

tt 


tt 

It 

I Tucson, Ariz. 

! Bank of Santa Cruz 
* River 

I Mesa west of Santa 
I Cruz River 


“ ; A. F. Zimmer 

July 13-06 ' A. G. Ruthven 
“ G. vonKrockow 

tt I tt 


ti ; tt 

j July 14-06 i 

I July 23-06 i A. G. Ruthven 


19-10 

19-19 

* 18-19 
; 18-18 

: 17-17 
! 18-18 


; July 24-06 


tt 


A. F, Zimmer 
(r. von Krockow 

tt 

tt 

tt 


I 17-19 

I 18-19 
' 18-18 
j 18-19 
, 18-20 
1 18 -? 


I July 31-06 ! A. (.i. Ruthven ' 19-19 
; Aug. 3-06 : “ - 18-19 

! Aug. 5-06 ' “ 19-20 


687 

688 
750 

824 

979 

980 

981 

982 

983 

984 


tt 


it 

tt 


G. von Krockow 


Bank of Santa Cruz 
River 

tt 

Near mouth of Sa- 
bino Caflon 

ti 

ft 

tt 

tt 

it 


' Aug. 8-06 ! A. G. Ruthven | 19-19 

j f 

! Aug. 12-06 G. von Krockow ! 18-19 

J Aug. 18-06 : A. G. Ruthven i 21-20 

I I ' 


19-19 
18-19 
16-17 
18-19 
I 20-20 


Cnemidophoras melanostethus Cope. 


Cnemidophoim melanostethus Cope, Proc. Acad. Nat. Sci. Phila., 1863, 104; 
iMd., 1866, 310. 

Cnemidophorus tessellatus mclanoskthus Cope, Bull. U. S. Nat. Mus., I, 1875, 
46.— Cope, Rept. U. S. Nat. Mus., 1898, (1900), 581-582. 

Cnemidophorus tujris melanostethus CouES, Wheeler's Surv. West of 100th Merid., 
V, 1875, 603.— Yaiihow, Bull. U. S. Nat. Mus., XXIV, 1883, 8, 45.— Van Den- 
B 0 ROH, Proc. Calif. Acad. Sci, Ser, 2, VI, 1896, 344.— Stejneger, Proc. U, S. Nat. 
Mus., XXV, 1902, 151. 
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Locality .— Representatives of a series of 168 specimens from Tucson, 
Ariz., and 120 from Alamogordo, N. M., have been referred by Dr, Stejneger 
to this species. In both localities the species is very abundant in suitable 
habitats. 

Description of Specimens .— The specimens of Cnemidophorus from 
Tucson and Alamogordo referred to this species apparently agree in scutel- 
lation. In both there are eight rows of ventral plates, and the scales of the 
gular region become granular on the edge of the fold. The specimens 
from the two localities differ so much in coloration, however, as to require 
separate descriptions. 

In the Alamogordo s[3ecimens the ground color above is light chocolate 
brown to black, with very numerous, short narrow bands of lighter. These 
markings arc grayish brown to dull orange yellow on the back, light blubh 
slate on the sides, and, although of varymg length and irregularly disposed, 
are mostly transverse on the sides, becoming more or less confluent toward 
the middle of the hack. The coalescing of the light dorsal markings occa¬ 
sionally give rise to an indistinct series of longitudinal stri[)es which are, 
however, much broken up. Head brown, without markings. Limbs 
above spotted with lighter. Tail without pattern, becoming dark brown 
toward the tip. Belly white, the tw^o external rows of scales on either side 
often tinged with pink, the central four with green. Throat and breast 
white, grayish white or bluish gray, spotted with black and often tinged 
wdth pink or yellow, but never entirely black. 

Unfortunately no xery young specimens were secured so that the devel¬ 
opment of the pattern cannot be followed as in Tucson specimens. But 
between individuals with a body length of 55-60 mm. and the largest adults 
there is little difference in coloration. 

In the specimens from Tucson the ground color above is dull reddish 
brown to blackish brown, divided into longitudinal bands by four narrower 
and lighter stripes which vary in color from light ash to dull orange yellow. 
Between each pair of light strijies the ground color is relieved by small 
rounded spots similar in color to the stri[x*s and arranged more or less irreg¬ 
ularly in a single row. On the sides belo^v the stripes the pattern consists 
of rather large and well defined w^hite or light reddish gray spots on the 
dark ground wliich is occasionally broken up into black spots by the con¬ 
fluence of the light markings. On the superior surface of the limbs the 
light spots are mostly large and abundant enough to constrict the ground 
color to reticulations. The pattern of the dorsal surface of the body is 
occasionally continued onto the base of the tail but only indistinctly. The 
usual <X)lor of the tail is dark greenish yellow or light brown, mottled with 
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darker at the base, and becoming uniformly reddish brown toward the tip. 
The head is dull greenish yellow above in the paler specimens, light to dark 
chocolate in the darker ones, and without markings except for the slight 
difference in the intensity of the color on different parts of the head in the 
darker specimens. The mottled pattern of the sides of the body is con¬ 
tinued onto the sides of the head. The lower labials are light gray, purple 
or bluish black, the throat, breast and under surface of the fore limbs 
entirely black, or mottled with black, gray or reddish. Posteriorly the 
black pigment becom(*s more and more restricted to the base of the scales, 
the prevailing color being white or jellowish. The posterior half of the 
belly and the under surfaces of the hind limbs and tail may be entirely white 
of yellowish, but are also frequently marked with black. 

In very young specimens from Tucson there is another light strijxj on 
either side, extending from below the eye and above the shoulder to the 
lateral abdominal region. The ground color is jet black, the stripers pale 
orange yellow, and there is a U-shaped mark of the latter color embracing 
the parietal plate. There are light spots on either side of the lowest lateral 
stripes but none between the upper four. Dorsal pattern continued dis¬ 
tinctly onto the base of the tail, the extremity of which is uniformly light 
blue. Limbs black above, spotted with lighter. \"entral surface white, 
throat faintly mottled with darker. 

Changes leading to the adult coloration appear very early. Faint 
spots make their appearance between the four dorsal stripes, the lowest 
stripe on either side breaks up into light rounded spots similar to the other 
light spots adjacent to them, and those on the limbs expand to restrict the 
ground color to a network. But although even in the very young specimens 
(body length 30-35 mm.) the throat is slightly mottled with darker, it is not 
until a considerable size (body length 60-70 mm.) has been attained that 
it begins to be generally suffused "with black. 

In the largest specimens from Tucson the four dorsal stripes are faint, 
and the lower one on either side is occasionally very obscure except for 
rounded spots of lighter at intervals. In none of the specimens are they 
entirely wanting, however. The form may thus be easily distinguished 
from the Alamogordo type by the dorsal pattern of light stripes, and rounded, 
generally well defined light spots, and the black throat in adults; the Ala¬ 
mogordo specimens, as above decribed, having the light markings in the 
form of short bars, which seldom, and then but imperfectly, fuse to form 
longitudinal stripes, while the throat is only spotted and never suffused 
with black. In my opinion these differences at least indicate two distinct 
varieties. 
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Habitat RelatUms .— Alamogordo. The habitat of this lizard at Alamo- 
gbrdo is very well defined, as it is found in the Creosote bush association 
on the alluvial slopes and only slightly exceeds the limits of this habitat. 
It is very common in this habitat, l>eing as characteristic of these conditions 
as is the Creosote bush. It is a ground form, and is most frequently seen 
running about between the bushes picking up grasshoppers, beetles, locusts 
and ants, which constitute the bulk of its food. The stomach of one indi¬ 
vidual contains a large number of winged ants. When frightened they ♦do 
not, as the smaller lizards, seek concealment in the nearest bush, but dash 
away swiftly for several rods before stopping. They generally stop near a 
bush, however, and after looking about for a moment or two slip quietly 
into it, frequently leaving it directly again on the other side for a neighboring 
one. This may he re{K*ate<l several times, making it difficult to secure them. 

At Tucson C. melanosfefhus is common and of general distribution on 
the Greasewood plains. It is also found on the mesas, but more abundantly 
in the Creosote hush association in the arroyos, and much less commonly 
in the Suaharo-Ocotillo association of the hills. Its food, as shown by an 
examination of stomach contents, seems to consist of insects exclusively — 
ants, beetles, grasshoppt*rs and spiders being recogniziible. It Ls in turn, 
according to our observations, preyed upon by the Arizona Racer {Bascanmn 
flagellum frervatum) and the Leopard Lizard (Crotaphgtus wislizenii). 

Range .— It will be impossible to define the range of this species until 
the status of the different forms has been established. The name has 
heretofore been restricted to southern Arizona specimens. 


Cncmidophorus melamsieihus Cope. 


Habitat 

Field 

No. 

Locality 

When 

Collected 

Collector 

Fem¬ 

oral 

Pores 



Alamogordo, X. M, 




Between the 

82 

Lower margin of al¬ 

July 7-06 

A. G. Ruthven 

23-23 

Creosote bushi 

luvial slope east of 



and Mesquite 
Assns. 

94 

Alamogordo 

July 8-06 

G. von Krockow 

24-23 

it 

95 

ft 


21-21 

it 

96 



a 1 

21-24 

(C 

97 

** 1 

1 it 

a 


u 

99 


1 « 

it 

j 

23-23 

ti 

101 


July 11-06 , 

A. G. Ruthven 

21-23 

t€ 

164 

a 

i 

i G. von Krockow 

23-23 

U 

166 


a ! 

1 

1 it 

22-24 


168 

it 

it I 

! 

20-21 

it 

169 

it 

u 

it 

20-22 

i< 

170 

it 

“ 

1 ** 

21-21 

it 

172 

it 

<< 1 

1 

it , 

j 

20-23 
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Habitat 

I'ield 

No. 

Locality 

When 

Collected 

Collector 

, Fem- 
1 oral 
' Pores 

Creosote bush 

181 

Alluvial slof>e east of 

July 21-06 

A. G. Ruthven 

20-22 

Assn. 


Alamogordo 



(t 

183 

“ 


20-22 

<< 

184 


“ 

ii 

23-23 


isr» 


“ 

ii 

22-22 

a 

186 

“ 

ii 



(t 

187 

“ 

** 

ii 

23-24 

a 

188 

“ 

it 

it 

22-22 

a 

189 


“ 

ti 

22-23 

(< 

m) 

“ 

“ 

“ 

20-20 

iC 

192 

“ 


G. von Krockow 

25-26 

n 

193 


“ 

** 

23-23 

ti 

194 

“ 

“ 

it 


n 

19.5 

“ 

“ 

ii 

22-25 

tt 

196 



it 

22-24 

n 

197 

“ 

Jidy 13-06 

A. G. Ruthven 


it 

198 

“ 

“ 


23-23 

it 

199 

“ 

i* 

ik 

21-21 

<( 

200 

“ 

“ 

“ 

21-24 

a 

201 


“ 

ik 

22-22 

t( 

202 

“ 

“ 

“ 

22-24 

(( 

203 




21-22 


204 


*• 

ii 

22-23 

(( 

205 

“ 


“ 

22-23 

a 

206 


“ 

ii 

20-21 

it 

207 

“ 

“ 

“ 

21-22 

<i 

208 

ii 

“ 

(> 

22-24 

it 

209 


“ 


2.5-26 

ti 

210 


“ 

“ 

20-23 


211 



ii 

22-23 

“ 

212 

“ 


A. F. Zimmer 

22-24 


213 

“ 

** 

ti 

23 -24 


214 

“ 

“ 

ii 

22 23 


215 



“ 

23 24 

it 

216 


“ 

“ 

22-23 

** 

217 

ii 

ii 



“ 

220 

n 

ii 

G. von Krockow 

21-21 

it 

221 

ti 

it 


24-24 

if 

222 

“ 



20-22 

a 

223 

“ 



22-23 

it 

224 


ii 

ii 

21-21 

ft 

225 


it 


22-24 

it 

226 



(( 

21-23 

it 

227 

“ 

“ 

ti 

21-23 

ii 

228 

“ 

it 


20-20 

“ 

229 


it 

“ 

19-19 

ii 

230 

(i 

it 

ti 

21-23 

ii 

231 


ti 

* it 

ti 

ti 

22-23 

ti 

233 


ii 

ft 

21-21 

it 

234 


' ti 

it 

24-25 


259 

ii 

July 14-06 

i» 

ii 

23-24 

ti 

260 

ii 

it 

22-22 

it 

261 

a 

ii 

t( 

22-24 

it 

262 

ti 

({ 

it 

23-23 

it 

263 


1 *1 

it 

23-23 
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Habitat 

, Field 
: No. 

Locality 

When 

Collected 

Collector 

, Fein- 
) oral 
Pores 

Creosote bush 
Assn. 

264 

Alluvial slow east of 
Alainogorao 

July 14-06 

G. von Krockow 

20-22 

(( 

26.5 

“ 

tt 

ti 



266 

It 

it 

it 

24-24 

Between the 

267 

Lower margin of al- 

it 

it 


Creosote bush 


luvial slope east of 




and Mesquite 
Assns. 


Alamogordo 




it 

268 

tt 

It 

it 

22-22 

it 

270 

tt 

It 

it 

24-24 

it 

272 

it 

tt 

A. G. Ruthven 

22-22 

It 

273 


tt 

it 

20-21 

Creosote bush 

274 

Alluvial sloj^ east of 

tt 

tt 

23-25 

Assn. 


Alamogordo 




tt 

275 


A. Zimmer 



276 


tt 

tt 

22-24 

it 

277 

•* 

ti 

it 

20-22 

•• 

288 


July 15-06 

A. G. Ruthven 

23-24 


2S9 

ift 

ft 

tt 

22-23 

** 

290 

“ 

It 

it 

22-22 


291 

“ 

It 

tt 

21-24 

•< 

296 

“ 

it 

G. von Krockow 



2i)7 


it 

“ 


“ 

298 


it 

It 

22-22 


299 




21 -23 

•* 

300 

•• 

“ 

it 

25-25 


301 


tt 

it 


•• 

379 


July 18-06 

ti 

tt 

21-22 

“ 

380 


“ 

22-22 

“ 

381 

*♦ 



24-25 


3S2 


it 

ti 

23-27 

•< 

383 


“ 


23-24 

“ 

384 


“ 

it 

21-24 

•• 

385 


tt 

tt 

22-22 


386 

tt 

tt 

tt 

22-22 

•• 

387 

it 

ti 

ft 

22-24 

“ 

388 

.4 

ti 

ti 

24-24 

“ 

391 

»* 

tt 

A. G. Ruthven 

19-20 


392 


it 

it 

22-25 


393 


“ 

ti 

20-23 

“ 

394 

.< 

(( 

** 

22-22 

“ 

395 

<4 

tt 


21-21 


396 

(4 

if 

4f 

24-24 


397 

it 

if 

ti 

20-23 


398 

tt 


ft 



3m) 

tt 


it 

20-21 

tt 

4(K) 

tt 


ti 

22-22 

< t 

401 

it 

it 

li 

24-26 

ki 

402 

tt 

it 

ti 

22-23 

tt 

403 


ti 

tt 

24-24 

tt 

404 

tt 

it 


23-1^4 

ft 

405 


it 

ti 

22-22 

tt 

406 

it 

it 

tt 

20-20 

li 

407 

it 

if 

A. F. Zimmer 

22-23 


408 

' 

tt 

it 

20-21 


409 


tt 

tt 
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Habitat 

Field 

No. 

j 

j Locality 

When 

Collected 

Collector 

Fem¬ 

oral 

Pores 


--- 

-- 

— - — 

-— - _ _ 

— 

Between the 
Creosote bush 
and Mesquite 

498 

Lower margin of al¬ 
luvial sloi>e south¬ 
east of Alamogordo 

JiUy 21-06 

G. von Kroekow 

• 

22-22 

Assns. 

ti 

499 

it 



21-22 

ti 

505 

“ 

it 

A. G. Riithven 

23-23 

tt 

508 

tk 

tt 

ti 


tt 

510 


ii 

tt 

22-23 

Between the 
Creosote bush 
and Sotol- 

555 

Upper uart of allu¬ 
vial slojie east of 
Alamogordo 

July 23-06 

it 

24-25 

Ocotillo 

Assus. 

a 

562 


tt 

G. v'on Kroekow 

23-24 

<i 

588 

U 

July 24-06 



it 

591 

ti 

TucBon, Ariz. 

A. G. Ruthven 

21-21 

Creosote bush 
Assn. 

609 

Mesa west of Santa 
Cruz River 

July 31-06 

G. von Ivrocko\^ 

20-19 

a 

610 

“ 


“ 

19-20 

it 

611 

“ 

“ 

tt 

19-19 

i( 

612 

“ 

ti 

‘‘ 

19-20 

a 

013 

“ 



20-21 

a 

614 



“ 

21-21 

it 

615 

“ 


It 

19-19 

it 

629 

“ 

Aug. 1 06 

A. G. Ruthven 

20-21 


630 

“ 

** 

20-21 

a 

631 

“ 

(» 


17-18 

it 

632 

“ 

tt 


20-20 

ti 

633 



ft 

19-20 

it 

634 


ii 


20-23 

it 

635 


it 

“ 

20-20 

it 

636 

ii 


It 

19-20 

it 

648 

Plains southeast of 
Tucson 

Aug. 2-06 


19-20 

tt 

649 

if 

(( 

It 

19-20 

it 

6.50 


(( 

tt 

18-19 

tt 

651 

tt 

it 

tt 


it 

652 

(< 



21-21 

tt 

653 

it 

(( 

(( 

19-20 

tt 

654 

it 

It 

it 

19-20 

tt 

655 

** 

tt 

tt 

21-22 

tt 

6.56 

if 

It 

ft 

18-18 

tt 

6.59 

it 

tt 

G. von Kroekow 

20-21 

« 

660 

ti 

ft 

(( , 

19-19 

ft 

661 

it 

tt 

A. F. Zimmer 

21-22 

Suaharo-Oco- 
tillo Assn. 

662 

Mesa w est of Santa 
Cruz River 

Aug. 3-06 

A. G. Ruthven 

20-21 

tt 

664 

“ 

tt 

ft 

19-20 

tt 1 

665 

if 

tt 

tt 

22-21 

it 1 

666 

tt 

tt 

A, F. Zimmer 

22-24 


668 

Mesa west of Santa 

Cat alina Mts. 

Aug. 4-06 

G. von Kroekow 

18-19 

tt 

669 

it 

tt 

tt 

19-20 

** ! 

670 

tt 

it 

A. G. Ruthven 

21-21 

tt 1 

671 

it 

tt 

tt 

19-19 
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Habitat 

Field 

No. 

Locality 

When 

Collected 

Collector 

Fem¬ 

oral 

Pores 

Suaharo-Oco- 
tillo Assn. 

672 

Mesa west of Santa 
Catalina Mts. 

Aug. 4^6 

A. G. Ruthven 

18-18 


673 

** 

tt 

it 


Creosote bush 
Assn. 

690 

Mesa west of Santa 
Cruz River 

Aug. 5-06 

G. von Krockow 

21-21 

698 

Plains ea«Jt of Tucson 

Aug. 6-06 

A. G. Ruthven 

19-20 

i( 

65H) 


ti 


a 

700 

“ 

tt 

it 


(< 

701 


it 

it 



702 



it 

23-24 

<< 

703 



a 

19-19 


704 

4. 

tt 

tt 

19-20 

a 

70.5 

1( 

t 

tt 

22-22 


706 

tt 


tt 

22-22 

<< 

707 


tt 

a 

20-21 

<< 

70S 



A. F. Zimmer 

23-24 


709 

it 

“ 

G. von Krockow 

23-24 

(< 

710 



ti 

23-24 

(i 

711 

*• 

tt 

ti 

19-20 

It 

712 


tt 

ft 


ti 

713 

“ 

“ 

tf 


(t 

716 


Aug. 7-06 

A. G. Ruthven 

19-20 

t( 

717 


tt 

20-23 

ti 

71S 

tt 

f ( 

ti 

19-20 

n 

719 

4< 

“ 

it 

19-20 

it 

720 

“ 


“ 

19-20 

(( 

721 

tt 

“ 

“ 

22-23 

ti 

722 


if 

tt 

20-20 

it 

723 

“ 

it 

tt 

22-23 

it 

724 

“ 

“ 

tt 

21-21 

(t 

730 


it 

tt 


it 

731 


ft 

tt 


it 

732 


it 



it 

733 

t> 

it 

It 


it 

73S 

“ 


A. F. Zimmer 


a 

739 


it 

G. von Krockow 

18-19 

it 

740 


“ 

it 

19-22 

it 

741 


It 

“ 

19-19 

it 

742 

** 

ti 

it 

21-21 

ii 

743 


‘ 

“ 

22-24 

it 

744 

‘‘ 

ti 

ti 

17-20 

Between the 753 

Creosote bush 

Near Santa Cruz 
River 

Aug. 8-06 

A. G. Ruthven 


and Mesquite 

Assas. 

it 

755 

“ 

ti 

tt 

20-21 

tt 

757 


tt 

A. F. Zimmer 

26-24 

tt 

759 


it 

G. von Krockow 

20-22 

ti 

762 


it 

tt 

21-21 

A triplex Assn, 
on Salt Spot. 
Creosote Dusl 

769 

Mesa west of Santa 
Cruz River 

Aug. 9-06 

A. G. Ruthven 

18-1<> 

r 770 

ft 

it 

it 

Assn. 

tt 

771 

ft 

tt 

a 

21-21 

tt 

772 

it 

ti 

tt 

20-21 
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Habitat i 

1 

Field 

No. 

Locality 

When 

Collected 

j Collector 

Fem¬ 

oral 

Pores 

Mesquite Assn. 

778 

Near Santa Cruz 

Aug. 9-^6 

A. G. Ruthven 

18-19 


River 




n 

770 

ti 

it 

tt 


Atriplex Assn. 

780 

Mesa wcvst of Santa 

it 

G. von Krockow' 

21-21 

on Salt Spot 


Cruz River 





784 


tt 

A. F. Zimmer 

18-19 

Creosote busli 

787 

Plains southwest of 

Aug. 10-06 

A. G. Ruthven 

19-22 

Assn. 


Fort Lowell 



(( 

788 


it 

It 

20-21 

It 

789 

it 

it 

if 

20-20 

it 

7t»0 

it 

tt 

tt 

23-24 

Mesquite Assn. 

791 

Bank of Pantano Wash 


tt 



east of Fort Lowell 




Creosote bush 

794 

Plains south of Fort 

it 

G. von Krockow 

22-22 

Assn. 


fjowell 




ti 

8 (K) 

Plains east of Tucson 

Aug. 11-06 

A. G. Ruthven 

20-20 

a 

801 



21-21 

it 

802 


tt 

ti 

18-19 

it 

808 

u 

** 

ti 

19-21 

(t 

80G 

“ 


A. F. Zimmer 

HM9 

ti 

807 



u 

19-20 

if 

008 

it 

** 

it 

22-23 

tf 

810 

“ 

tt 

G. von Krockow 

20-20 

ti 

811 


tt 

‘‘ 

21-21 

Willow-Poplar 

825 

Bank of Santa Cruz 

Aug. 12-06 

11 

22-22 

Assn. 


River 



ft 

826 

<« 

ti 

tt 


Creosote bush 

827 

Plains northeast of 

Aug. 13-06 

A. G. Ruthven 

19-22 

Assn. 


Tucson 



tt 

828 


it 

it 

21-22 


829 

a 

tt 



tt 

880 

“ 

“ 

(( 

20-20 

it 

801 

“ 

tt 

ti 

20-21 

ti 

882 

it 

ti 

it 

20-22 

ti 

883 

“ 

it 

ti 

19-19 


886 

tt 

it 

A. F. Zimmer 

18-18 

tt 

887 


it 

G. von Krockow 

21-21 

ft 

838 

if 

it 

tt 


a 

845 

Mesa ^^’ost of fSauta 

Aug. 14-06 

it 

19-22 



Cruz River 


tt 

847 

it 

ti 

(( 

21-21 

it 

848 

tt 

tt 

it 

21-21 

tt 

849 

ti 

ft 

ft 

19-20 


850 

ti 

it 

it 

19-19 


851 

it 

tt 

tt 

20-21 

Between the 

858 

Near Santa Cruz 

ti 

A. F. Zimmer 

Creosote bush 
and Mesquite i 
Assns. 


River 





ti 

859 

tt 

tt 

it 


Mesquite Assn. 

861 

862 

it 

; 

tt 

if 

; A. G. Ruthven 

tt 

19-21 

ft 1 

868 

tt ; 

tt 

tt 


Creosote bush 

869 

Mesa west of Santa i 

ft 

tt ! 

17-19 

Assn. 


Cruz River 
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Habitat 

Field 

No. 

Locality 

When j 
Collected | 

Collector 

Fem¬ 

oral 

Pores 

Creosote bush 

870 

Mesa west of Santa 

Aug, 14-06 , A. 

G. Ruthven 

17-18. 

Assn. 


Cruz River 



K 

871 

ft 

ti 

ii 

18-19- 

U 

872 

it 

a 


19-19 

li 

883 

Plains east of Tucson 

Aug. 15-06 

ti 

it 

19-20' 

ii 

884 

ti 

it 

20-21 

ti 

885 

it 

ii 

** 

16-17 

ti 

886 

** 

tt 

it 

20-20 


887 

It 

ii 

it 


i( 

888 

it 

it 

it 

19-20 

n 

889 

“ 

ti 



(( 

890 

it 

ii 

ti 



891 

“ 

** 

ii 


“ 

893 


A. 

F. Zimmer 

20-21 


894 

“ 


ti 


“ 

898 


“ 

a 


.< 

904 


“ G. 

von Krockow 


“ 

905 


it 

a 

22-22 

“ 

906 

“ 


it 

21-22 


907 

li 

“ 


23-23 

.i 

tK)8 

‘‘ 

it 

ti 

21-23 

Suaharo-Oco- 

911 

Mesa \\e.st of Santa 

Aug. 16-06 A. 

G. Ruthven 

20-20 

tillo A.S8n. 

912 

Cruz River 

it 

19-20 

li 


913 

“ 

ii 

ii 

20-21 

n 

914 

“ 

ii 

“ 

20-20 

4< 

915 

“ 

“ 


20-20 

Creosote bush 

910 


“ 


19-20 

A.ssn. 

(1 

917 


.« 

tt 


%( 

923 

“ 

“ A. 

F. Zimmer 



926 

“ 

G. 

von Krockow 

21-21 


927 



ti 

22-23 

“ 

928 

“ 




Betwetm the 

945 

Near Santa Cruz 

Aug. 17-06 

ii 

20-21 

Creosote btish 
and Mesquite 


River 




A.ssns. 

t( 

916 

it 

<( 

it 

19-19 


947 

<« 

it 

** 

20-21 

ti 

948 

n 

ii 

ti 

20-20 

a 

949 

li 

ii 

it 

21-21 

ti 

050 

ti 

ti 

it 

20-20 

»{ 

958 

a 

A. 

G. Ruthven 

20-21 

“ 

959 

ii 

ti 

“ 

21-21 

a 

960 


it 

ti 

21-21 


Creosote bush 1004 Plains east of Tucson Aug. 20-4)6 “ 20-20 

Assn. 

Suaharo-Oco- 1019 Mesa west of Santa Aug. 21-06 A. F. Zimmer 18-20 
tillo Assn. Cruz River 

it « it 


1020 


18-20 
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Cnemidophoras sexlinaatas Linncsus, 

Locality, — Specimens of C, sexlineatus were taken at Alamogordo, 
N. M., where it is a common reptile. 

Description of Specimens. — The structural characters of this species 
have been considered under C. gularis. Size smaller than C. gularis, the 
largest individuals having a body length of 65-70 mm. The color pattern 
of the dorsal surface consists of 7 light stripes on a darker ground, the median 
dorsal one distinct or obscure but usually more indistinct posteriorly. 

Specimens from the Mesquite Association. Ground color above a 
deep brown, stripes pale to bright golden yellow. No spots. Limbs 
above nearly uniformly brown, occasionally with a few lighter markings 
on the thighs. Tail distally bright blue. Head dark olive. The under 
surface of the limbs, base of tail, and usually the infralabials are white, 
the rest of the ventral surface bluish. 

Specimens from the White Sands. Above pale brovMiish gray, stripes 
light bluish, mostly faint, occasionally entirely wanting. Head pale grayish 
olive. Tail light blue. Ventral surface of limbs, base of tail, and fre¬ 
quently the throat, white; under parts otherwise pale bluish. 

Habitat Relations. — C. sexlineatus is a characteristic form of the desert 
floor habitats. In the Mesquite and Atriplex associations it was found 
commonly about the clumps of bushes that comprise the vegetation. On 
the White Sands it was also abundant, but apparently prefers the bottoms 
and lower parts of the dunes to the more exposed summits of tlie latter, 
being unlike Holbrookia maculaia flavilenta in this respect. Its food con¬ 
sists of insects which it picks up on tiie ground. Ants, grasshoppers and 
spiders were found in the stomaclis examined. 

There has been considerable uncertainty as to the relationship of C. 
gularis and C. sexlineatus in New Mexico and central Texas. This has 
resulted from the fact that west of the 98th meridian C. sexlineatus ap¬ 
proaches C. gularis so closely in appearance as to suggest either an inter- 
gradating or at least a close relationship between the tw'o forms. At 
Alamogordo, which is near the western limit of C. sexlineatus^ we found 
both forms perfectly distinct not only in the scutellation and color, as 
described under C. gularis, but by the fact that C. gularis is confined to 
the lower part of the canons, and the stony arroyos on the alluvial slopes, 
while C. sexlineatus occurs only in the Mesquite, Atriplex and Sumac- 
Yucca associations on the plains. 

If the habitats of the two species in Texas were known, it would prob¬ 
ably be found that a similar habitat distribution exists in that region. 
The ranges of the two forms thus interdigitate for a long distanc^e and 
intergradation very probably does not occur. 



1907.] Ruihverif Reptiles and Amphibians from N. Mex, and Ariz, 571 

Range .— Cnemidophorus sexlineatus is a form of southeastern United 
States, ranging northward to about the 40th parallel. It is one of the few 
reptiles which crosses the 98th meridian in Texas, extending at least as far 
westward as the Rio Grande Valley ^ in New Mexico. The Arizona records 
known to me are too indefinite to be relied up)on. 

Cnemidophorus sexlineatus Linnieus. 


Habitat | 

Field 

No. 

Locality 



Alamogordtf, X. M. 

Mesquite Assn. 

78 

Plains south of Aht- 
inogordo 

it 

u 

79 

n 

SO 


it 

85 

i. 

Betwcien the 

98 

it 

Creosote bush 
and Mesquite 
Assns. 



Mesquite Assn. 

100 


102 

“ 

n 

103 

“ 


104 


n 

105 

“ 

it 

106 


f* 

107 

** 

Sumac-Yucca 

116 

White Hands west of 

Assn. 


Alamogordo 

ti 

117 


“ 

IIS 


it 

119 

“ 

it 

120 

it 

ti 

121 

t. 

Mesquite Assn. 

126 

Plains south of .Ala¬ 
mogordo 

ft 

a 

127 

it 

147 

a 

it 

156 

ft 

ti 

157 

fi 

ti 

165 

a 

it 

167 

ti 

ti 

171 

it 

it ' 

191 

ft 

it 

271 

it 

it 

305 

Plains west of Ala¬ 



mogordo 

it ) 

306 

it 

Atriplex Assn. 

307 

it 

it 

308 

if 

it 

309 

it 

it 

310 

ti 

! 

311 

ti 


When 

Collected 

Collector 

i Fern- 
oral 

1 Pores 

July 7-06 

A. G. Ruthven 

17-17 



16-16 

it 

G. von Krockow 
<( 

16-17 

16-16 

July 8-06 

ii 

17-17 


July 9-06 

A. G. Huthven 

16-17 



14-14 

ti 

A. F. Zimmer 

15-16 

** 


16-17 


.A. G. Ruthven 


“ 

“ 

15*15 

it 

li 

A. F. Zimmer 

1.3-14 

i^ 

G. von Krockow 

14-15 



15-16 

tl 


15-15 

ti 

Ii 

17-17 

July 10-06 

A. F. Zimmer 


July 11-06 

A. G. Ruthven 

14-15 

a 

ii 

14-15 

it 

G. von Krockow 


it 

it 

15-16 

ft 



July 12-06 

A. F. Zimmer 

17-17 

July 14-06 

A. G. Ruthven 

15-15 

July 16-06 


17-18 

ft 

it 

14-15 

ti 

<1 

14-14 

ti 

It 

17-17 

Ii 

ii 

16-16 

tt 


15-15 


U (( 


* Herrick, Terry and Herrick, Bull. Sci. Lab. Benlsou Unlv., XI. 145-146. 
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Habitat 

Field 

No. 

Locality 

! When 

I Collected 

Collector 

j Fem- 
1 oral 
! Pores 

Atriplex Assn. 

312 

Plains west of Ala- 

July 16-4)6 

A. G. Ruthven 

17-18 


mogordo 



if 

313 


it 

if 

16-16 

it 

314 

“ 

it 

it 

14-10 

it 

315 

“ 

tt 

it 

14-16 

a 

316 


n 

it 

16-16 


317 

“ 

ti 

it 

17-17 


318 


it 

it 

15-15 

(< 

319 

** 

n 

it 

15-15 

a 

320 


“ 

it 

16-17 

Between the 

321 

*• 

it 

A. F. Zimmer 

13-14 

Atriplex anti 
Mesquite 






Assns. 

it 

322 


it 

ct 

15 16 

“ 

323 


it 

A. G. Kuthven 

16-16 


324 



it 


Mesquite Assn. 

325 

** 

• ( 

G. von Krockow 

18-lH 

it 

320 


i i 

it 

14-16 

Atriplex Assn. 

421 


July Id 06 

A. F. Zimmer 

15-15 

it 

422 


A. G. Ruthven 

14-15 

“ 

423 

*• 

it 

A. F. Zimmer 

16 16 

it 

424 

« 

‘‘ 

ti 

15-15 

a 

425 


n 

ti 


(( 

428 


“ 

4 i 

15-15 

>< 

429 

“ 


ti 

15-15 

{{ 

430 



** 

14-14 


431 



A. G. Ruthven 

15-15 

i i 

432 



it 

17-17 

,{ 

433 


“ 

it 

13-15 


434 



it 

15-16 

Sumac-Yucca 

441 

White Sands west of 


** 

16-17 

Assn. 


Alamogordo 




a 

442 

it 

tl 

A. F. Zimmer 

16-16 

4( 

443 

*• 


** 

15-16 

1 t 

445 

“ 

“ 

‘‘ 


it 

440 

'• 

it 

a 

12-14 

it 

447 

“ 


A. G. Ruthven 

15-15 

Atriplex Assn. 

449 

Plains west of Ala¬ 
mogordo 

ft 


if 

15-15 

it 

450 



16-17 


452 

<4 

it 

it 

16-16 


453 

4l 

it 

A. F. Zimmer 


ii 

454 

t( 

ti 

a 

14-15 

a 

455 

(4 

<* 

A. G. Kuthven 

15-16 

a 

456 

.( 

it 

A. F. Zimmer 

16-17 

a 

458 

(( 

it 

A. G. Ruthven 

15-16 

a 

460 

“ 

a 

A. F, Zimmer 

15-15 

it 

464 

it 

ti 

it 

17-18 

Summac- 

470 

White Sands west of 

it 

G. von Krockow^ 

17-17 

Yucca Assn. 


Alamogordo 


Atriplex Assn. 

476 

Plains west of Ala¬ 

it 

tf 

13-ia 

177 

mogordo 



it 

it 

it 

it 

14-14 

it 

480 

a 

it 

tt 

16-17 

it 

482 

it 

it 

ft 

17-17 
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Habitat 

Field 

No. 

Locality 

MTien 

Collected 

Collector 

Fem¬ 

oral 

Pores 

Atriplex Assn. 

483 

Plains west of Ala¬ 
mogordo 

July 19-06 

G. von Krockow 

15-16 

(( 

486 

tt 

(( 


t( 

487 

ft 


it 

17-18 

({ 

488 

it 


ti 

16-17 

ft 

489 

if 


tt 

17-18 

it 

491 

ft 


it 

14-16 

ft 

492 

ft 

ft 

tt 

15-17 

Sumac-Yucca 

493 

White Sands west of 

it 

A. G. Ruthven 

16-17 

Assn. 


Alamogordo 




Mesquite Assn. 

500 

i^lains south of Ala¬ 

Aug. 21-06 

G. von Krockow 



mogordo 



ti 

501 

<< 

tt 

ft 

14-15 


504 

it 

tt 

tt 

15-15 


506 

\ ** 

it 


14-15 


509 ; 

tt 

tt 

A. G. Ruthven 

16-18 

it 

511 1 

ft 

if 

a 

16-17 

it 

512 : 

ft 

“ 1 

1 A. F. Zimmer 

14-14 


SERPEXTES. 

Leptotyphylops^ humilis Baird d- Girard. 


Rena humiHs Baiud & Girakd, Cat. of North Amer. Reptiles, 1853, 143.— 
Cope. Bull. U. S. Nat. Museum, XXXII, 1887, 64.— Stejneger, Proc. U. S. Nat. 
Museum, XI\", 1891, 501.— Cope, ibui., XIV, 1892, 590.— Stejn'eger. North Amer. 
Fauna, No. 7, 1893, 203.— De.vbt'rgh, Proc. Calif. Acatl. Sci., 8er. 2, V, 1896. 

136-137. 

Slerwtiioma humilc “Peters, Monatsberichte, 1857, 402 .'^—Cope. Proc. Acad. 
Nat. 8c‘i. Phila,, 1861, 305; ibid,, 1866. 312. — Cope, Bull. U. S. Nat. Maseum. I, 
1875, 44,— Yarrow, XXIV, 1882, 20. 142.— Garmak, Mem. Mus. Comp. 
Zool., VIII, No. 3, 1883, 130.-- “ Brlding, West Amer, Sci., Ill, No. 24, 1887, 98.*’ 

Glauconia humilis “ BouLEN(iRR, Cat. of Snakes in Brit. Museum. I. 1893, 70,*’— 
Cope, Amer. Nat., XXX, 1897, 1014.— Cope, Kept. U. S. Nat. Museum, 1898 (1900), 
719.— Brown, Proc. Acad. Nat. Sci. Phila., 1901, 14. 

SiagoTiodon di^gesU “Bocourt, Miss. Sci. Mex.. Kept., 1882, 507.” 

Hiagonodon humilis Van Denburgh, Occ. Papers Calif. Acad. Sci., V. 1897, 
150-151. 

IjomlUy .— Two sj>eciinens (No.s, 1032 and 1033) of this curious little 
snake w^re pre.sented to the expedition by Pn>f. Thornber. 

* I am not able to find sufficient differences between LejUotyphylops dulcts and Rena humUu 
to warrant their generic separation. These forms are evidently closely related and while L. 
dulcis occurs from western Texas to central New Mexico, L. humilis ranges frt)ni l'uc;w>n west¬ 
ward to California. The region where the ranges of the two forms come together is, therefore, 
extreme southeastern Arizona or southwestern New Mexico. The case thus seems to be an^o- 
gous to that of Salvadara grahamim and N. hexalepsis and lends weight to the argument that 
they are nearly related species of the same genus. 
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Description of Specimens ,— Body slender and vermiform; tail short 
and blunt; head not differentiated from body. Body covered with smooth, 
imbricate scales in 14 longitudinal rows, the terminal caudal scale ending 
in a short spine. Anal ])late entire. The snout is protruding, consider¬ 
ably overlapping the month. The rostral is large and strongly recurved. 
Behind it is a single series of scales which is continuous with the median 
row of dorsal scales, and se})arates the corresponding lateral head plates 
of each side. The latter consist of: 1st, a large nasal extending to the 
mouth, and divided by a sutim' that extends between the nostril and the 
adjacent angle of th<‘ following plate; 2nd, a small supralabial plate bounded 
above and anteriorlv by the nasal; drd, a large ocular that extends from 
the median cephalic series to the mouth, and Ixmeath which may be seen the 
eye; 4th, a second and last small supralabial; 5th, a large plate situated 
above the last suj)ralal)ial and followed by a 6th which is rather smaller. 

Habitat Belatvms ,— That this snake is a burrowing form is very evident 
from its partly concealed eyes and general vermiform ahaj^e. The speci¬ 
mens secured from Prof. Thoniber were found with several others in a pile 
of manure on the Greasewood plains east of Tucson. Van Denburgh' 
states that in the “Ca})e Region’' of Tx)wer California this species *‘lives 
both in the mountains, and at the level of the sea.” 

Range ,— This sjjecies is known to occur in the Proplateau region by 
the fact that specimens have been taken at Tucson, Ariz., and in southern 
California north to Death Valley. To the southward it extends to the 
southern end of the peninsula of Lower California, and in Mexico to Colima 
on the coast slope of the Sierra Madres. 

Bascanion piceum Cope, 

Bascanium flagelHforme piceurn Cope, Bull. U. 8. Nat. Mus., I, 1875, 40.— 
CouEs, Wheeler^s Siirv. West of 100th Merid., V, 1875, 617.— Yarrow, Bull. U. S. 
Nat. Mus., XXIV, 1883, 16. 111. 

Zamenis flageUum piceus Cope, Kept. U. S. Nat. Mus., 1898 (1900), 804-805.— 
Brown, Proc. Acad. Nat. Sci. Phila., 1901, 61. 

Bascanion piceum Cope, Bull. U. S. Nat. Mus., XVII, 1880, 24.— Cope, Proc. 
U. S. Nat. Mus., XIV, 1892, 625.— Stejneger, North Amer. Fauna, No. 7, 1893, 
209.— Van Denburgh, Proc. Calif. Acad, Sci., Ser. 2, VI, 1896, 347. 

Locality ,— A single specimen (No. 639) of this snake was secured, on 
the mesa west of Tucson, Ariz. It is apparently the fourth specimen of 
this species to be recorded, three of these being from Tucson. 

Description of Specimen.— Adult, total length 1440 mm., tail length 

» Proc., Calif. Acad. Sci., Ser. 2, V, 136. 
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345 mm. Scale formula 19-17-15-13, the 19 only extending to a point 
95 mm. from the end of the snout. Scales smooth. Cephalic plates normal. 
Supralabials 8, infralabials 11. Oculars 1-2. An anterior subocular on 
either side. Form long and slender; gastrosteges 199, urosteges in 105 
pairs. Anal divided. 

Body and tail above, broadly including the ends of the ventral scutes, 
blue black without markings. Head dark brown with a few irregular 
reddish markings above. The loreals, preoculars and postoculars, and first 
six supralabials have bright orange yellow centers. Anterior part of throat 
marbled with bright yellow^ and black. Throat black wdth scattered spots 
of yellowish orange. About the twentieth gastrostege the light color in¬ 
creases in amount and the black becomes restricted to small blotches that 
become few^er posteriorly, only a few' small, w^idely scattered s{)ots being 
present on the posterior three-fourths of the body length and none on the 
tail. For most of the length the belly is a yellow’ orange tint, becoming a 
dark orange tint on the posterior one-fourth of the body and on the tail. 

Habitat Relations .— The single s|)ecimen obtainecl w’as shot in the 
Suaharo-Ocotillo association on the mesa w^est of the Santa Cruz River. 
Nothing is knowm of the habits of the sjxjcies. 

Range .— The four specimens of B. pweiim now know’n were all taken in 
the ProplaU'au region of southern Arizona, three of them in the immediate 
neighborhood of Tucson, the other at Camp Grant, Graham County. 

Bascanion flagellum frenatum Siejneger. 

Masticophis testaceus Cope, Proc. Acad. Nat. Sci. Phila., 1866, 305, 312. 

Bascanion testaceum Cope, Proc. Acad. Nat. Sci. Phila., 1883, 11, 29, 32. 

Bascanium flagelliforme iesUiceum Cope, Bull. U. S. Nat. Mus., I, 1875, 40. 
(Part at least.) — Yarrow', Wheeler s Surv. West of 100th Merid., V, 1875, 542,— 
CouES, 617 .—Yarrow, Bull. U. S. Nat. Mus., XXIV, 1883, 17/ 111-112. 
(Part.)— Cope, Proc. Amer. Phil. 8oc., 1885, 284.— “ Bklwng, West Araer. Sci,, 
ni, No. 24, 1887, 89 .^'—Cope, BuU, U. S. Nat. Mus., XXXII, 1887, 71. 

Coluber flagellifarmis teslaceus Garman, Mem. Mus. Comp. Zool., \lll, No. 3, 
1883, 148. 

Bascanion flageUiforme Cope, Proc. U. S, Nat. Mus., XIV, 1892,625-626. (PartO 

Herpetodryas flavigularis Hallow^ell, Kept. Pac. R. R. Surv., X (Williamson's 
Route), 1859, 12-13.— Heerman apud Hallow^ell, i5id., 24. 

Zamenis flagellum flagellum Cope, Rept. U. S. Nat. Mus., 1898, 799-803. (Part.) 

Bascanion flagellum Meek, Field Museum of Nat. Hist., Zool. Series, VII, 1906, 
15. 

Bascanion flagellum frenatum Stejneqer, North Amer. Fauna, No. 7, 1893, 
208-209.— Van Denburoh, Proc. Calif. Acad. Sd., Ser. 2, V, 1895, 147-148,; ibid., 
VI, 1896, 347.— Van Denburoh, Occ. Papers Calif. Acad. Sd., V, 1897, 186-188. 
—Stejneobb, Proc, U. S. Nat. Mus., XXV, 1902, 155, 

Zamenis flagellum frenaiw Brown, Proc. Acad. Nat. Sd. Phila., 1901, 60-fll. 
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Locality ,— One specimen of this Racer (No. 9G6) was shot by Mr. 
Zimmer on the Grcasewood plains, one mile south of Tucson. Several 
others were seen at various times. 

Description of Specimen .— Adult. Foim slender; total length 1140 
mm., tail 300 mm. Dorsal scale formula 17-15-13, scales all smooth. 
Supralabials 8, iiifralabials 11. One anterior subocular. Oculars 1-2. 
Gastrosteges 193, urostegcs 104, anal plate divided. 

Above, except for a short distance anteriorly, the color is yellowish 
brown, relieved by small, mostly concealed bars of whitish that margin 
each scale on either side of the base. On the anterior half of the body, 
the base of nearly every scfile is black, although the light lines are still present, 
occasionally being of a })inkish tint. On the neck the light marks tend to 
break up the ground color into cross bands, but only five or six of these are 
distinct, the anterior four being nearly solid black. 

On either side of the belly there is a series of blotches similar in color 
to the dorsal surface, except anteriorly where they are black. Betw'een 
this series of gastrostegeal spots and the first row of scales, which also has 
the color of the dorsal surface, is a w’hite line that includes the tips of the 
gastrosteges and the lower edge of the first row of dorsal scales. Similarly 
the light marks on the bases of the scales of the first and second rows are 
somewhat better developed than those above, which also results in the 
appearance of a narrow light longitudinal line, but this is very indefinite. 
The top of the head is light brovm, the sides con.siderably variegated with 
yellow. 

The belly is light yellow, with the marginal series of blotches mentioned 
above. Interior to these blotches there is also, for about the anterior four- 
fifths of the length, a second row of small spots. The throat is also light 
yellow, and thickly spotted with black. The ventral surface of the tail is 
a light orange tint, immaculate. 

Habitat Relations .— In this form, as in the other species of the genus, a 
slender form and long tail accompany a remarkable agility of movement and 
dexterity in climbing about in bushes. We only observed it on the Grease- 
wood plains (Creosote bush association), where several individuals eluded 
tis by their swiftness. 

No observations on food habits were made other than that an indi¬ 
vidual was seen to capture an adult Cnemidophoras melanosieihus^ but it 
doubtless lives largely on small birds and mammals. Stejneger records a 
specimen which had eaten a mouse (North Amer. Fauna, No. 7, 209). 

Range ,— Stejneger^ gives the range of B, f. frenatum as “Southern 


> North Amer. Fauna, No. 7, 208. 
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Ariasona, Utah, Nevada, California, and Lower California/^ To the south¬ 
ward it occurs throughout the length of the peninsula of Lower California, 
and to an undetermined distance on the plateau and western coastal slope 
of Mexico. 

In southern New Mexico or western Texas it intergrades with typical 
Bascanion flagellum which ranges to the eastward. 

Salvadora hexalepis Cope. 

Sah^adora grahamice Cope, Bull. U. S. Nat. Mus., XXXII, 1887, 72. (Part at 
least.)— Cope, Proc. U. S. Nat. Mus., XIV, 1892, 619-620. (Part.)— Van Den- 
burgh, Proc. Calif. Acad. Sci., Ser. 2, V, 1895, 146-147; ibid,, VI, 1896, 347.— 
ibid., V, 1896, 1006.— Van Denburgh, Occ. Papers Calif. Acad. Sci., V, 1897, 181- 
182 Cope, Ilept. U. 8. Nat. Mus., 1898 (1900), 818-820. (Part.)— Brown, Proc. 
Acad. Nat. Sci. Phila., 1901, 63-64. (Part.) — Meek, Field Museum of Nat. Hist., 
Zool. Scries, VII, 1906, 15. 

Phirnothyra graharnuc Cope, Proc. Acad, Nat. Sci. Phila., 1861, 300.— Yarrow, 
Wheeler’s Surv. West of l(X)th Merid., V, 1875, 538-539.— Coues, ibid.^ 620.— Cope, 
Proc. Acad. Nat. Sci. Phila., 1883, 14.— Yarrow, Bull. U. S. Nat. Mus., XXIV, 
1883, 98. (Part,.)— ^‘Bklding, West Araer. Sci., Ill, No. 24, 1887, 98.” 

Salmdftra grahami Jan, ^‘Icon. Gen. Ophid., Pt. 1, 1860, fig. 1.” 

Phinwihyra grahamice Cope, Proc. Acad. Nat. Sci. Phila., 1861, 300. 

Phimoikym hcmlepU Cope, Proc. Acad. Nat. Sci. Phila., 1866, 304. 

Phirnothyra grahamice hexalepis Coues, Wheeler’s Surv. West of 100th Merid., 
V, 1875. 620.— Yarrow, Bull. V. S. Nat. Mus., XXIV, 1883, 15. 

Salvadora grahamice hexalepis Cope, Bull. U. S. Nat, Mus., I, 1875, 38.— G.ar- 
MAN, Mem. Mus. Comp., Zool,, VIII, No. 3, 1883, 145.— Stejneger, North Amer. 
Fauna, No. 7, 1893, 205-206. 

ii^alradora hexalepis Stejneger, Proc. U. S. Nat. Mus., XXV, 1902, 154-155. 

Locality. — A specimen (No. 1034) of this snake taken on the plains east 
of Tucson, was presented to the expedition by Prof. Thomber. 

Description of Specimen. — This individual possesses all of the characters 
of the western as distinguished from the eastern species of the genus.^ It 
also exhibits the tendency toward the breaking up of the lateral head plates, 
shown by Stejneger to be characteristic of western examples of the genus, 
which was the basis of the original description of S. hexalepis (Phirnothyra 
hexalepis). The cephalic plates are normal. The rostral is very laige with 
free lateral edges and is recurved on the top of the snout. There are two 
distinct nasal plates, and one loreal, one preocular, two postoculars, two 
anterior temporals, 9-10 supralabials and 11 infralabials. The symphyseal 
plate is small, but the first pair of inferior labials are much elongated posteri¬ 
orly and broadly in contact mesially. The first pair of genials are also in 

< Stejneger, Proc. U. S. Nat. Museum, XXV, 154-155. 

tJulv, 1907.} 
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contact, but the scutes of the second pair are separated by two rows of small 
scales anteriorly and four posteriorly. 

The breaking up of the lateral head plates alluded to above is largely 
confined to the supralabials, as seems generally to be the case. If they 
were “riormar' in this specimen there would be nine on each side (the 
seventh on the right side is anomalously divided, making ten in this series), 
and the anterior half of the first, and the second supralabials would be in 
contact above with the prenasal, the posterior half of the second and the 
anterior half of the third with the postnasal, the posterior half of the third 
and the anterior half of the fourth with the loreal, the posterior half of the 
fourth and the anterior half of the fifth with the preocular, the posterior 
half of the fifth and the anterior half of the sixth with the orbit, the posterior 
half of the sixth and the anterior half of the seventh with the lower post- 
ocular, and the remainder of the seventh, and the eighth and ninth with 
the temporals. While, however, the first three superior labials are in contact 
with the nasals a small plate lias been cut off from the upper part of each 
of the fourth, fifth, and sixth plates, which constitute the small scutes usually 
designated as lower loreal, lower or subpreoeular and anterior subocular. 
In this specimen the sixth supralabial on each side is fused with the lower 
postocular leaving but two plates in that series. If this were not the case 
the sixth labial would, as indicated above, be in contact with the orbit and 
lower postocular. If the posterior half of the upper part of the sixth was 
also cut off as a small plate (posterior subocular) the labials would be 
entirely separated from the orbit as Stejneger ^ has found in specimens from 
southern California. 

The dorsal scales are smooth and in 17 rows for the greater part of the 
length, decreasing to 15 and 13 posteriorly. The gastrosteges are 206 in 
number, the urosteges 87. The anal plate is divided. 

Habitat Relaiwns .— This specimen of S. hexalepis was taken on the 
Greasewood plains to the east of Tucson (on the University campus). This 
is all that can be said as to its habitat in this region. 

Almost nothing is* recorded on the habits of the species. The well 
developed rostral plate seems to indicate that it is more or less of a burrowing 
form, and Van Denburgh ^ records a specimen from northern Lower Cali¬ 
fornia, which was found partly buried in sand. Stejneger * states that this 
snake 'Ho a great extent lives in holes in the ground,'' and suggests that as 
there is an apparent correlation between the breaking up of the labials and 
the greater width of the rostrals in western specimens that both of these 


J North Amer. Fauna, No. 7, 205, 

I Calif. Acad. Sci., Series 2, V. 1006. 
•North Amer. Fauna, No. 7, 206. 
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modifications are due to the more arid conditions (or the nature of the soil) 
in that region. There is little doubt but that a well developed rostral in 
snakes is often at least associated with the habit of burrowing in the loose 
soil of arid regions, for it is present in such widely separated forms as Pit^Kh 
phis, Heterodon, PhyUorhyncus and Salvadora, genera that are both arid 
region forms and of more or less burrowing habits. On the other hand 
the breaking up of the labial plates does not appear to be a phenomenon 
restricted to burrowing types, for it also occurs in Sisirurus, Agkistrodon, 
and several other genera which have a normal rostral and are not burrowing 
forms. It is true that the formation of suboculars in the last two named 
genera may be due to a different cause, hut, excluding this line of argument, 
before it can be proven that the formation of subocular plates in Salvadora 
is correlated with its burrowing habits it must be demonstrated either that 
the trait is advantageous to the snake or that there is a region of stress along 
the upper margin of the labial plates, during burrowing. It is difficult to 
see how this trait, which is probably associated with a greater flexibility of 
the head, can be of advantage to a burrowing form. The reverse would 
rather l>e expected. Neither can w^e conceive how the labial plates can be 
particularly subject to a stress during burrowing that would lead to their 
brealdng up. Another explanation of the phenomena presents itself, which 
in the judgment of the writer is more satisfactory, although, owing to our 
very incomplete knowledge of the habits of these snakes and the factors 
which influence scutellation, it can be considered only as a suggestion. 
This is that since in Salvadora and Pituophis the formation of suboculars is 
principally confined to the upj)er part of the supralabials, and since also in 
the act of seizing and swallowing large prey the sides of the mouth in 
snakes are spread outward, the hinge line being along the groove formed 
by the upi>er margin of the labial plates, it is conceivable that the breaking 
up of these plates may be associated with the need of greater mobility of 
the sides of the mouth in handling prey. If this explanation is a true one 
for these forms, the tendency toward the formation of a row of small plates 
from the upper part of the supralabials may be considered as a step in the 
breaking up of the plates of tlie head, which becomes more pronounced in 
Agkistrodon and Swtrurus, and reaches its greatest development in Crotalus. 

The only observations on the food of this species that seems to be recorded 
is the statement of Dr. Coues * that a lizard (Cnemidophorus sexlmeatvs) 
w^as found in the stomach of a specimen from Fort Whipple. 

Range .— The exact range of this species is not as yet accurately deter* 
mined. It is known to occur in the desert regions of southern California 


»Wheeler's Surv, West of the lOOth Merid., V, 620. 
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and Lower California, and from here eastward across the Froplateau regicm 
of southern Nevada and Arizona, being replaced in the eastern part of the 
latter State or in southwestern New Mexico by Salvadcyra grahamiw. 
Whether these forms intergrade in this region or not is still an unsettled 
question, but it is very probable that they do. It is one of the plains forms 
of the Proplateau region, which is replaced in the prairie r^ion of central 
Texas by a nearly related form. 


Arizona elegans Kennicott. 


Arizona elegans Kennicott. U. S. and Mex. Bound. Surv., II, 1859, 18.— 
Baird, Kept. Pac. R. R. Surv., X OVhipple-Ives Route), 1859, 42.— ^^Bocourt, 
Miss. Sci. Mex., Rept., XI, 1888, 676.'*— Van Denburgh, Occ. Papers Calif. Acad. 
Sci., V, 1897, 193-195.— Brown, Proc. Acad. Nat. Sci. Phila., 1903, 549, 553. 

Pityophis elegans Cope, Bull. V. S. Nat. Museum, I, 1875, 39.— Yarrow, Bull. 
U. S. Nat. Museum, XXTV, 1883, 16, 108. 

Rhtnechis elegans Cope, Proc. Amer. Phil. Soc., XXIII, 1866, 284.— Cope, 
Bull. U. S. Nat. Museum, XXXII, 1887, 72.— Cope, Proc. U. S. Nat. Museum, 
XIV, 1891, 638.— Cope, Amer. Nat., XXX, 1896, 1014.— Cope, Rept. U. S. Nat. 
Museum, 1898 (1900), 863-865.— Brown, Proc. Acad. Nat. Sci, Phila., 1901, 52. 

Colvher arizonce “Boulenger, Cat. of Snakes in Brit. Museum, II, 1894, 66.** 

Locality. — A single specimen (No. 103G) of this snake wjis presented 
to the party by Prof. Thomber. It was taken on tlie plains east of Tucson 
(near the University of Arizona). 

Description of Specimen, — Form rather stout. Head moderately dis¬ 
tinct. Tail short. Dorsal scales smooth, formula 27-25-23-21-19. 
Supralabials 8, infralabials 13-14. Oculars 1-2. Two pairs of genials, 
the posterior the shorter. Gastrosteges 221. Urostcges 4G pairs. Anal 
plate entire. 

The ground color is faded but the markings are distinct. The dorsal 
pattern consists of a single median series of transverse blotches with dark 
edges, which alternate with smaller indistinct lateral spots. Small scattered 
spots on the first four rows of scales, and a single series of blotches on the 
tail. On the head there are several dark spots on the parietals and frontal, 
a cross bar between the eyes along the suture of the frontal and occipitals 
with the prefrontals, a short bar immediately below the eye, another from 
the eye to the posterior margin of the last supralabial, and a fourth extending 
backward from the upper edge of the orbit. 

Habitat Relations, — The single specimen obtained was taken in the 
Creosote bush association on the plains east of Tucson. Professor Thomber 
informed us that he has taken several sj^ecimens in this habitat. Van 
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Denburgh ^ states that a ‘‘captive individual ate a brown-shouldered lizard 
(Ufa slansburiana)** 

Range, — This species has been taken in southern California, south¬ 
eastern Arizona, and Mesilla Valley, New Mexico. From our present 
knowledge of its range it is impossible to determine whether it ranges across 
the Sonoran Desert, or is a form of the Proplateau which pushes southward 
in the mountains in southern California. 

Pituophis catenifer zaji Schlegel, 

Coluber sagi Schlegel, Ess. Phys. des Serpentes, 1837,157, 158. 

Churchillia bellonia Batod & Girard, Stansbury’s Exped. Gt. Salt Lake, 1852, 
350-^351. 

PUyophis bellona Baird & Girard, Cat. of North Amer. Reptiles, 1853, 66-68. 
(Part.) — Baird, Rept. Pac. H. R. Surv., X (Whipple-Ives Route), 1859,42. —Alleh, 
Proc. BovSt. Soc. Nat. Hist., XVII, 1874,69. 

Piiuophis sayi Cope, Proc. U. S. Nat. Museum, XI. 1888, 398.— Baird & Girard, 
Cat. North Amer. Reptiles, 1853, 151-1.52.— Cope, Proc. U. S. Nat. Museum, XI, 
1888, 398.— Hay, 17th Ann. Rept. Dept. Geol. and Nat. Resources Ind., 1892, 591.— 
Bailey, North Amer. Fauna, No. 25, 1905, 47. 

PUyophis sayt aayt Cope, Bull. U. S. Nat. Museum, I, 1875, 39.— Yarrow, tWd., 
XXIV. 1883, 16. 105.— Davih & Rice, Bull. Chicago Acad. Sci., I, 1883, 30.— 
Cope, Proc. U. S. Nat. Museum, XIV, 1892,641. — Cope, Proc. Acad. Nat. Sci. Phila., 
1892. 335. — Cope, Amer. Nat.. XXX. 1896,1014.— Cope, Rept. U. S. Nat. Museum, 
1898 (1900), 870-872. 

Pituophis maeclellani Baird & Girard, Cat. of North Amer. Reptiles, 1853, 
68-69.— Baird & Girard, Marcy’s Explor. Red River, 1854, 196-197. 

PUxiophis catenifer sayi Gauman, Mem. Mus. Comp. ZooL, VIII, No. 3, 1883, 
150-151.— Oarmax, Bull. III. State Lab. Nat. Hist., Ill, 1892, 286-289.— Taylor, 
Ann. Rept. Nebr. State Board Agric., 1891, 335-337.— Brown, Proc. Acad. Nat, 
Sci. Phila., 1901, 55; ibid., HK)3, 549.— Branson. Kansas Univ. Sci. Bull., XII, 
No. 13, 1904, 357-360, 

Pituophis mexicanus Dumehil & Bibron, Erp6tol. G6n., VH, 1854, 236-238. 

Pituophis sayi mexicanus Yarrow, Wheeler’s Surv. West of 100th Merid., V, 
1875, 539-540. 

Pituophxs sayi bellona Cottes & Yarrow, Bull. U. S. Geol. Surv. Terr., IV, 1878, 
282-283.— Yarrow, BuU, U. S. Nat. Museum, XXIV, 1883,16,106-107. (Part.)— 
Taylor, Ann. Rept. Nebr. State Board Agric., 1891, 337.— Stone & Rehn, Proc. 
Acad. Nat. Sci. PhUa., 1903, 33. 

Locality, — The Bull Snakes referred to this variety were only found at 
Alamogordo, N. M. The Tucson sfiecimens® belong to the foIIo\^ring 
form. It is probably the commonest snake in this region. 

»Occ. Papers CaUf. Acad. Sci.. V, 105. . ^ ..... 

* Although Stone has stated that the Alamogordo specimens collected by Rehn and v iereck, 
are probably referable to P, c, 5siIona (dcscrficow), and Van Denburgh has listed Tucson speci¬ 
mens as P, aajfit a comparison of the specimens obtained by us in these two localities reveals 
at once that the Alamorgordo specimens are true sayi while the Tucson individuals are variety 
dsserticola as defined by Stejneger. This gives weight to the opinion expressed by Stejneger 
that Baird's type of hmona belongs to variety sayi (North Amer. Fauna, No. 7, 206). 
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Description of Specimens ,— The dorsal scale formulas in the specimens 
obtained are as follows: 29-31-33-31-29-27-25-23 ; 29-31-29-27-25-23; 
27-29-31-29-27-25-23-21. The first five scale rows are smooth, the others 
keeled. The cephalic plates are normal in number and arrangement except 
that there are four prefrontals in three specimens and six in the fourth. 
The rostral plate is long, narrow and elevated. The supralabials are 8-8 
in two specimens, 9-9 in one, 8-9 in a fourth. The infralabials are 12-12 
in two specimens, 13-13 in the third, and 12-13 in the fourth. In two of 
the specimens the fourth supralabial is bounded above by the posterior half 
of the preocular and the adjacent half of the orbit. In two specimens, 
however, it is separated from the preocular and nearly entirely from the 
orbit by a small scale, being in contact w4th the eye only at its posterior 
angle. This small plate is the second preocular of some writers and is 
often present in the genus. That it is not formed by a division of the pre¬ 
oculars is, however, quite evident, since it lies below the usual line of contact 
of the preoculars and subjacent labial, while a true lower preocular would 
be formed by a transverse division of this plate above this line. It quite 
evidently takes its origin from the labial series. The fifth labial Ls entirely 
excluded from the orbit by a small plate which is usually considered as a 
part of the postocular series, but this plate we believe also to be a subocular 
formed from the ap^x of the second labial that would normally enter the 
orbit. From this view point the arrangement of the lateral head plates in 
our specimens is as follows: 1 preocular, 1 posterior subocular, 3 postoculars; 
1 preocular, 1 posterior subocular, 2 postoculars (in two specimens); 1 
preocular, 1 posterior subocular, 1 anterior subocular, 3 postoculars. The 
gastrosteges in the four specimens are 222, 232, 233, 233; the urosteges 
52, 58, 59, the tail being broken in the fourth. Anal plate entire. 

In these specimens the ground color is yellow, the keels of the scales 
between the spots dark brown (light orange in the two smaller individuals). 
There is a dorsal series of large chocolate or dark reddish brown spots, 
about four scales long, nine or ten wide, and separated by the length of three 
scales. On either side of this series of blotches and alternating wdth them 
is a row of small spots similar in color to those of the dorsal row. These 
spots are distinct posteriorly, but anteriorly tend to fuse longitudinally into 
narrow dark bands. Beneath this rovr are two others, the spots of which 
are also arranged alternately. All of the spots tend to be black edged, but 
the borders are seldom well defined except on the tail. On the posterior 
part of the body there is but one row of spots on either side, while on the 
tail the dorsal spots are in the form of dark red cross bars which are occa¬ 
sionally bifurcated. The head is dark yellow with a dusky band across the 
line of contact of the supraoculars and frentals with the preoculars am} 
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prefrontals, and numerous spots behind this bar, that axe either black or 
brown edged with black. The supralabials are maigined with black with 
the exception of the last, the fifth, sixth and seventh with but a small spot. 
Belly white, or yellowish white with a proimnent or indistinct black, dusky 
or reddish blotch on the ends of every third or fourth scute. On the ventral 
surface of the tail these blotches are fused transversely and longitudinally 
along the median line and may be continuous or alternating with the dorsal 
blotches. Distally the lateral blotches are wanting for a greater or lesser 
distance leaving only the irregular median band. 

Habitat Relations .— This Bull Snake has a very wide range of habitat. 
At Alamogordo it vras found in the Mesquite association on the plains, 
in the Creosote bush association on the alluvial slope, and in the Kfion- 
Cedar zone on the mountain slope at an elevation of 6,000 ft. It undoubtedly 
ranges higher than this, as IVIr. Edwin Walters of Alamogordo informed us 
that he had observed it in the Pine-Spruce forest of the higher elevations. 
The wide range of habitat of the species, in this locality, is in harmony with 
its extensive geographic range. 

In spite of their large size these snakes are very docile, and while said 
to be able defend themselves against the attacks of an ordinary sized 
dog,'' ^ seldom attempt to bite. Those secured made little resistance when 
picked up with the hands, although several were of large size. 

The food consists for the most part of small mammals, although a con¬ 
siderable number of birds are probably also taken. The specimen secured 
in the Pinon-Cedar association had recently sw^allowed a young rabbit. 
This was the only stomach examined, but Taylor * states that the stomach 
contents of Nebraska specimens “show that their food is almost wholly 
made up of rodents, most notably ground mice, but also including rats, 
gophers, squirrels, moles and similar animals.” Bailey* observed one in 
Texas "*in the act of swallowing a freshly killed squirrel (piieUus m. pam- 
dens)/* and Branson ^ records a specimen in captivity that ate several spar¬ 
rows and a pigeon’s egg. A specimen kept by myself for several months 
was fed entirely on freshly killed sparrows. 

It is rather remarkable that so little is known of the breeding habits of 
such a conspicuous form as this snake, but I know of but one contribution 
to our knowiedge of the subject. Branson • states that he received twelve 
eggs (“2j inches in length by 4j inches in circumference”) on the 15th of 
August. He describes the embrj^os as follows: ‘T opened one of them 


> Taylor* Ann. Rept. Nobr. State Board of Agric.* 1891* 336. 
SAnn. Rept. Nebr. State Board Agric., 1891, 336. 

• North Amer. Fauna, No. 25, 47. 

• Kansan Univ. Scl. Bull.* XII, No, 13, 86a 

• Kansaa Unlv. Sci. Bull., XII, No. 13, 359. 
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[the eggs] immediately and found it contained a Bull Snake eight inches 
long. The snake was surrounded by a gelatinous mass. Its color was 
olive-buff, with spots faintly outlined in a darker shade. The oephaUc 
plates were well developed. It was able to raise its head about one-third 
of an inch, but it could not open its mouth. It could see large moving 
objects. The hemipeiiis was protruded, and small calcifications were 
already present on it. 

^‘I placed the other eggs in damp sand where the direct rays of the sun 
could not reach them. The weather was cool and damp most of the time 
to the period of their hatching. September 28 two snakes were hatched 
and during the next three days eight more came out of the eggs. They 
were fifteen to fifteen and one-half inches long.** These snakes are stated 
to have been very fat wlien bom, and hibernated and emerged the next 
spring l)cfore taking food. 

Range .— Pituo'phis calenifer sayi is a plains and prairie form, being 
found in the United States from the Rocky Mountains to the western margin 
of the eastern forest. It is more abundant in Texas, Kansas and Nebraska, 
but it occurs also in the prairie regions of Iowa and Illinois. To the north¬ 
ward it probably occurs about to the boundary although definite localities 
are not given in the literature. To the southward it enters the Proplateau 
region in western Texas and eastern New Mexi(*o and is replaced to the 
westward by P. catenifer deserticola. 


Pituophis catenifer sayi Schlegel. 


Habitat 


Field i 
No. ! 


Locality 


: When 

! Collected 


Collector 


Creosote bush Assn, , 

Piflon-Cedar Assn. j 

1 

Atriplex Assn. j 

Mesquite Assn. j 


Alamogordo, N. M. 

294 , Alluvial slow east of ' July 15-06 ' A. G. Ruthven 
Alamogordo ' ' 

356 ’ West slo]^ of Sacra- July 17-06 “ 

mento Mts. (Alt. ' 

6.()00 ft.) j 

461 Plains three miles east; July 19-06 * G. von Krockow 
of White Sands | 

494 ! Plains southwest of | July 20-06 j ** 

Alamogordo i 


Pituophis catenifer deserticola Stejneger. 

PUuophts hellomx Baird & Girard, Cat. of North Amer. Kept., 1863, 66-08. 
(Part.)— Kennicott apud Baird, Kept. Pac. R, R. Surv., X (Beckwith-Gunnison 
Route), 1859, 19.— Kennicott apud Baird, U. S. and Mex. Bound. Surv., U, 
1869, 18.— Cope, Proc, Acad. Nat. 8ci. Phila., 1866, 305. 
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PUtiophis aayi bellofia Cope, Bull. U. S. Nat. Museum, I, 1875, 39.— Yarrow, 
Wheeler’s Surv. West of 100th Mend., V, 1876, 540-641.— Coubs, ibid,, 617-618.— 
Streets, Bull. U. 8. Nat. Museum, VII, 1877, 40-41.— Yarrow, ibid., XXIV, 1883, 
106-107. (Part.)— Cope, Proc. U. S. Nat. Museum, XIV, 1892, 641.— Cope, 
Amer. Natur., XXX, 1896, 1015.— Cope, Kept. U. S. Nat. Museum, 1898 (1900), 
872-876. 

PUnophi^ sayi Van Denburgh, Proc. Calif. Acad. Sci., Ser. 2, VI, 1896, 348. 

Pitiutphis catenifer Cope, Proc. Acad. Nat. Sci. Phila., 1883, 18,— Stejneoer, 
North Araer. Fauna, No. 5, 1891, 110.— Meek, Field Museum of Nat. Hist., Zool. 
Series, VII, 1906, 15-16. 

Pituophis caienifer bellona. Garman, Mem. Mus. Comp. Zool., VIII, No. 3, 1883, 
161,— Brown, Proc. Acad, Nat. Sci. Phila,, 1901, 54. 

PUttophis catenifer descrticola Stejneger, North Amer. Fauna, No. 7, 1893, 
206-208.— Van Denburgh, Proc. Calif. Acad. Sci., Ser. 2, V, 1895, 149.— Van 
Denburgh, Occ. Papers Calif. Acad. Sci., V, 1897, 198-199.— Stejneoer, Proc. 
U. S. Nat. Museum, XXV, 1902, 153, 

Locality >— Two specimens of this snake were secured at Tucson, Ariz. 
Van Denburgh has recorded a number of individuals collected in this region 
(Fort I-A)well) as P. sayi^ hut liis specimens are undoubtedly to be referred 
to this variety instead. 

Description of Specimens. — Our specimens are very evidently P. caienifer 
deserticola for in both of them the rostral is decidedly wider and flatter than 
in the eastern form. The scale fonnula in both specimens is 29-31-33-31- 
29-27-25; the lateral eight in one and five in the other being smooth. The 
supralabials are 8-8 and 8-9, the infralabials 12-12 and 13-14, the oculars 
1-2 in both. In one specimen there is an anterior and posterior subocular 
on each side, but in the other there is an anterior and posterior subocular 
on one side, and only a jwsterior siiboculay on the other. (See page 579 for 
a discussion of these plates.) The gastrosteges are 232 and 238, the uro- 
steges 45 and 65. Anal plate entire. 

One specimen shows an interesting anomaly in the labial plates, in that 
from the upper margin of the two plates that precede the one below the orbit 
two small plates have been cut off that correspond in shape and relative posi¬ 
tion to the suboculars. These we believe to represent a more advanced 
stage in the breaking up of the supralabials than is sho^m by the presence 
of the suboculars alone. (See p. 579.) 

These specimens are more richly colored than most specimens of P. c. 
sayi. There are the usual three rows of dorsal blotches but those of the 
second lateral row are not well defined, and those of the lowest row are in 
the form of short vertical bars. In the smaller specimen the blotches on 
the anterior two-thirds of the body are light reddish brown, posteriorly 
they are dark red with darker edgings. Tail crossed by a series of very 
dark red bars. The scales of the interspaces are pale yellow, 'with bright 
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orange keels. Head pale yellow with a dusky bar across the junction of 
the preoculars and prefrontals with the supraoculars and frontal, and a few 
brown spots on the top of the head. A few' labials slightly margined with 
dusky. Belly yellowish white, with a row of brow^n spots on either at inter¬ 
vals of two or three scutes. Ventral surface of tail with a series of pale 
spots on either side that connect wdth the dorsal cross bars, but do not fuse 
mesially to form a black band. 

In the larger specimen the colors are somewhat duller as is to be expected. 
The median dorsal series of blotches are chocolate brown anteriorly, very 
dark red posteriorly, and all margined with darker. The lateral series of 
blotches are not at all well defined for most of the length, but become more 
so posteriorly. Tail with one series of black cross bars. Interspaces 
anteriorly pale yellowr, posteriorly bright orange yellow. Head light brown 
•with a trace of the usual dusky bar across the anterior part of the interorbital 
area and a few spots on the top of the head. Both supralabial and infra- 
labial plates well margined with black. Belly white with a row of black 
blotches along either side, the free edges of the scutes also often margined 
with black. On the tail the urostegeal blotches fuse with the dorsal cross 
bars and with each other along the median ventral line, except posteriorly 
where the median ventral band is broken up. 

Habitat Relations ,— This Bull Snake is a plains form but further than 
this little is recorded on its habits, although they are probably similar to 
those of the eastern form. At Tucson it occurs commonly on the Grease- 
wood plains, and is doubtless also to be found on the mountains, as Dr. 
Stejneger * records a specimen that wras taken in the Huachuca Mts. at an 
elevation of 5,300 feet. As in the case of many other snakes in this region, 
while probably not nocturnal it is seldom seen during the hotter part of the 
day, being found principally in the morning and evening. The large 
specimen (No. 1043), which was taken about sun down on August 22, had 
recently swallowed an adult ground squirrel. 

Range ,— The range of this snake cannot as yet be definitely determined 
owing to the fact that it has been frequently confused with P, c, sayi. It 
is a Great Basin form, however, be ing found between the Rocky and Sierra 
Nevada Mountains. To the northw^ard it extends into Idaho, but its south¬ 
ern limit in Mexico is unknown. In the extreme southern part of the 
United States it is found across southern California and Ariasona from the 
western margin of the Mojave Desert to the Proplateau region of south¬ 
eastern Arizona. As shown above it occurs at T\icson, but east of this 
point it is undoubtedly soon replaced by P, c, sayi. 


> Proc. u, S. Nat. Mus., XXV, 163. 
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Oyalopium eanum Cope. 

Gyalopium canum Cope, Proc. Acad. Nat. Sci. Phila., 1860, 243; ibid., 1866, 
310.— CouEs, Wheeler^s Surv. West of the 100th Mend., V, 1876, 624.— Cope, Bull. 
U. S. Nat. Museum, 1,1875,36.— Yarrow, ibid., XXIV, 1883,14,88.— Cope, Amer. 
Natur., XXX, 1896, 1014.— Cope, Kept. U. S. Nat. Museum, 1898 (1900), 947-948, 

Locality .— A small specimen (No. 123) of this species was found dead 
on the shore of Lake Walters, at the W^hite Sands, west of Alamogordo, 
N. M. 

Description of Specimen .— Form rather robust; head broad and short, 
tail short* Total length of the single specimen obtained 155 mm., tail 20 mm. 
Rostral high, protuberant, and projected backward on the upper surface 
of the snout, broadly separating the intemasals and pushing well in between 
the prefrontals. Superior surface of rostral concave. Intemasals much 
reduced in size. Nostril situated between two plates, the posterior one 
small and l>ing entirely behind the nares, the anterior large, extending from 
the intemasal to the margin of the mouth. No loreal, the prefrontals ex¬ 
tending to the posterior nasal and second labial scutes. Supralabials 7, 
infralabials 7-8. Oculars 1-2. Dorsal scales broad and smooth; formula 
19 (for short distance only)-17. Two pair of geneials, the posterior pair 
very small. Gastrosteges 145, urostc^es in 29 pairs. Anal plate divided. 

Color above light bmwnish gray with 49 (40 on body, 9 on tail) trans¬ 
verse, brown blotches with black edges. These spots become narrower 
on the sides, and persist to the gastrosteges, forming on the anterior and 
posterior parts of the body a single series of cross bars. On the middle 
of tlie body, however, they alternate with a second series of narrow bars 
extending from the first to the sixth rows. Head olive gray with a broad 
brown band across the parietals and embracing the apex of the frontal. 
A second band extends between the eyes across the line of junction of the 
supraoculars and frontal with the prefrontals; this band is continued below 
the eye to the maigin of the mouth, embracing all of the fourth labial. The 
four anterior infralabials are margined with darker. Belly white, without 
markings. 

Habitat Relations .— The single specimen of this snake taken was found, 
as before stated, on the shore of Lake W^alters to the east of the White Sands. 
This makes it evident beyond question that the species occurs in the Atriplex 
association, as the specimen is immature and was undoubtedly bred in the, 
immediate vicinity. Whether or not it occurs elsewhere is as yet an un¬ 
settled question. 

Range.^ As far as I know but two other specimens of this species have 
been recorded. One of these is listed simply ^^Southern Arizona,’’ the 
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other, the type, came from Fort Buchanan in southeastern Arizona. This, 
the third specimen, therefore, extends the range of the species across the 
Proplateau to the East Front Ranges in New Mexico. 

Thamnophis aques Reuss, 

Locality ,— Three specimens of this species were taken in the lower 
part of Sabino Canon, Santa Catalina Mountains, Ariz., August 18, 1906. 

Description of Specimens ,— Although one of the more pallid forms 
this species is one of the most beautiful members of the genus. It has been 
confused with T, marciana^ T. vagram, and T, parietalis {orrmta), but is 
easily distinguishable. Form rather slender. Lateral stripe on the second 
and third rows; dorsal strij^e narrow, being <‘onfined to the median row. 
Dorsal scale fonnula 19-17. Cephalic plates nonnal. Supralabials 8, 
infralabials 10, oculars 1-3. Gastrosteges 165, 168, 168. Urosteges 78 
and 93. Anal plate entire in all sjieeimens. 

Color above dark chocolate brown. First row of scales dusky yellow 
or brownish olive, with a pair of black spots at intervals on the margins of 
the scales. Lateral stripe pale yellow, the dorsal light orange yellow. 
Two rows of black spots on tin* skin l)etween the strif)es, encroaching only 
slightly on the involved scales. Two large black nuchal blotches. No 
postoral crescent. Head above dark olive in one specimen splashed with 
black. Supralabials light yellow, except the last one which is light olive, 
all well margined with black. Belly pale yellow anteriorly, light grayish 
slate posteriorly; gastrostegeal spots small and mostly concealed btuieath 
the overlapping edge of the preceding scute. 

Habitat Relatixms .— All of the specimens of T, eques obtained, were 
found near the stream in the canon. Two w^ere lying on rocks in mid stream, 
the other on the immediate shore. When frightened they immediately took 
to the water, swimming in the swift current with apparent ease. They 
doubtless subsist largely upon the frogs and tadpoles w'hich abound in this 
habitat. 

It is gratifying to be able to make these habitat notes, meager as they are, 
for practically nothing has been heretofore recorded on the habitat relations 
of this species, and a knowledge of these is essential in the determination 
of its relationships. 

Range ,— The range of this species is, as far as known at present, con¬ 
fined to the Mexican plateau and Proplateau. It has been recorded several 
times from the southern end of the peninsula of Ix)wer California,^ evidently 

v’ Benburgh, Proc. Acad. Nat. Scl. Pblla.* 

Ser. 2, V, 151. Cope, Proc. Acad. Nat. Sci, Phila., 1861. 299. 
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on the basis of a single specimen (No. 5023) in the United States National 
Museum, said to have been collected by John Xantus. Since, however, 
there are two specimens of this number in the National Museum, the above 
and a specimen of Lichanuray one being from Fort Buchanan and the other 
from Cape San Lucas, the garter snake is very probably the Arizona 
specimen. 

Thanmopbis marciana Baird & Girard, 

Locality ,— An adult specimen (No. 1029) of this species taken by Prof. 
Thornber near old Fort Lowell, was presented to the party. 

Description of Specimen ,— Adult. Cephalic plates normal. Supra- 
labials 8, infralabials 9-10. Oculars 1~3. Dorsal scales keeled with the 
exception of the first row, fomjula 21-23-21-19-17. Gastrosteges 157. 
Anal plate entire. 

Color? Three rows of alternating black spots on skin and scales, the 
lowest being below the lateral strij)e wliich is narrow’ and occupies the tliird 
row*^ only for most of the length, posteriorly including also the second. The 
dorsal stripe also occupies but one row of scales, the median dorsal. T^rge 
nuchal blotches and well defined postoral crc^scents. Supralabials, with 
the exception of the sixth, dark olive and well margined with black, the sixth 
with the postoculars being decidedly lighter. A small black sjx>t on the 
base of each gastrostege. 

Habitat Relations ,— The single specimen obtained w^as secured by 
Prof. Thornber, in a cultivated field on the bank of Pantano Wash near Old 
Fort Low’^ell. These are the only notes obtained on the occurrence of this 
species, but brief as they are they comprise the first authentic data on the 
local distribution of the form in Arizona. 

Range ,— Thamnophis marciana ranges throughout central Texas and 
across the Proplateau region to Tucson. Tw’o specimens in the U. S. 
National Museum bear the locality of Fort Yuma, but as this is the only 
record for the desert region of southwestern Arizona it may be held in ques¬ 
tion until confinned by other sjxicimens. 

Slaps euzyxanthos Kennicott, 

Elaps euryxarUhiLS Kennicott, Ptoc. Acad. Nat. Sci. Phila,, 1860, 337-338.— 
Cope, ilnd., 1861, 296; ibid,, 1866, 307.— Cope, Bull. U. S. Nat. Museum, I, 1875, 
34.— CouEs, Wheeler’s Surv. West of 100th Mend., V, 1875, 611.— Strbei^, BuU. 
U. 8. Nat. Museum, VII, 1877, 40.— Yarrow, ibid,, XXIV, 1883,13,82. (Part.)— 
Garman, Mem. Mus. Comp. ZooL, Mil, No. 3, 1883, 107, 169 .— ‘*Cragin, BuU. 
Washburn Colh Labor., I, 1884, 8.”— Cope, Bull. XJ. S. Nat. Museum, XXXII, 
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1887, 86.— Cope, Proc. U. S. Nat. Museum, XIV, 1892, 681,— Stbjnegeb, Rept. 
U. S. Nat. Museum, 1893,362-363. — Cope, Amer. Natur., XXX, 1896,1014.— Cope, 
Kept. U. S. Nat. Museum, 1898 (1900), 1125-1126.— Brown, Proc. Acad. Nat. Sci. 
Phila., 1901, 95.— Stejneger, Proc. U. S. Nat. Museum, XXV, 1902, 157. 

Locality. — A specimen (No. 1028) of this Coral Snake was captured 
by Prof, Thornber near Rosemont, Arizona, and presented by him to the 
expedition. 

Description of Specimen. — Body rather stout; head small and little 
distinct; tail short and blunt; eyes small. The body is covered above by 
15 rows of smooth scales, below by a single row of 227 gastrosteges, and a 
double scries of urosteges consisting of 25 pairs. Anal plate divided. Head 
plates small except the rostral which is large. Supraorbitals proportionately 
broad, frontal narrow. Preoculars and posterior nasals broad. No loreal. 
Seven plates in both the upper and lower labial series. Oculars 1-2, tem¬ 
porals 1-2. 

The color is somewhat faded, but the pattern is distinct. It consists 
of alternating bands of black, white, and bright red, that completely encircle 
the body. The black and red bands (11 in number between head and 
anus) are separated from each other by the narrower white rings wdiich 
are therefore twice as numerous (23 between head and anus). The colora¬ 
tion of the tail consists of a proximal and distal broad black band separated 
by a narrower one of white. The head is entirely black with the excieption 
of the tips of the parietals and a part of the posterior labials (instead of 
entirely including the last labial) ^ which lie within the following white band. 

Habitat Relations. — The habits of this species are unknow^n. I have 
knowm persons in Arizona wdio have handled this snake repeatedly, and 
who scoff at the idea of its being venomous. It is true that the experiments 
that have proven the toxicity of the bite of the Coral Snakes have been con¬ 
fined to the eastern species, E. fulvius, but as E. euryxanthus also possesses 
w ell developed fangs, there is no reason to believe that it is any less venomous 
than the eastern form. That it enjoys the reputation it does is probably 
due, as in E. fulvius, to its amiable disposition and the fact that it is easily 
confused wdth some of the harmless snakes.* Dr. Stejneger writes of 
the genus as follows: ‘'It is granted that Elaps is comparatively rare; 
that it is retiring in its habits, mostly living under ground, and that it has a 
very gentle and amiable temperament. When it does bite, how^ever, its 
bite is as venomous as that of a rattlesnake or moccasin of the same size, 
and even more so.” * 


»Kennicott, Proc, Acad. Nat. Sci. Phila., 1860, 337. 

® betwceu somc of the harmless snakes and the Elap» of the 
commented upon. ^Stejneger (Kept. U. S. Nat. Mus.. 1893, 
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Range. — So few specimens of E. earyxanthus have been taken that its 
distribution cannot as yet be determined. Stejneger defines its known 
range as follows: '‘It belongs to the Lower Sonoran prorince, but seexns 
restricted to the regions east of the great Colorado River and west of the 
Continental divide. It has been found as far north as Fort Whipple and 
at various places in southern Arizona, extending south into Mexico at least 
as far south as Batopilas, in the state of Chihuahua, in the interior, and to 
Guaymas, Sonora, on the Gtilf of California. In Arizona it reaches an 
altitude alx)ve the sea of at least 5,(K)0 feet.’* ^ 

Orotalufl atroz Baird d* Girard. 

Crotalus atrox Baird & Ciirard, Cat.of North Amer. Reptiles, 1853, 5-6,156.— 
Dumeiul BiunoN. Erj^Mologie C/*ndrale, VII, Pt. 2, 1854, 1482.— HAnnowELL, 
Proc. Acad. Nat. Soi. Phila., 1850, 307,— Baird, U. S. and Mex. Bound. Surv., 
TI, 1859, 14. - Baird, Hept. Pac. R. R. 8urv.. X (Wliipple-Ives Route), 1859, 39.— 
CopK, IVoc. Acad. Nat. 8ci. Phila., 1859, 337.— Cooper, Proc. Calif. Acad. Sci., 

IV, 1870, 66 — Cope apud Yarrow, Wheeler's Surv. West of 100th Merid., V, 1875, 
534.-- Stejneger, Rept. U. S. Nat. Museum, 1893, 436-439.— Van Denburgh, 
Proc. Calif. Acad. 8ci,, Ser. 2. V. 1895. 156-157.— Van Denburgh, ibid., Ser. 2, VI, 
1896, 348.— Stfjnegkk, Proc. TJ. 8. Nat. Museum. XXV. 1902, 158.— B.uley, 
North Amcr. Fauim, No. 25. 11K)5, 49-50.— Ditmahs. Th| World Today, Oct., 
1906, 1049. 

Caudhona atrox “Cope apud Mitcheli/s Researches vim. Rattle., 1861,121.” — 
Cope, Proc. Acad. Nat. Sci.. Phihi.. 1866. 309, 310, 311. 

Croialus atrox atrox Brown, Proc Acad. Nat. Sci. Phila., 1901, 103-104; 
ibid.. 11K)3, 551, 553. 

Crotalus adamarUeuH atrox “Jan. Rev. Mag. Zool., 1859, 28.”— Jan. Elenc. 
Sist. Ofid., 1863, 123.- Cope. Bull. V. S. Nat. Museum, 1, 1875, 33.— Streets, 
ibUl., VII, 1877. 40, 41.— Cope, ibid., XVII. 1880, 24.— Yarrow, ibid., XXIV, 
1883. 12, 75-76.— (;ahman, Mem. Mus. Comp. Zool., VIII, No. 3. 1883, 113, 172.— 
Cope, Proc. Amer. Phil. Soc.. 1885, 287,— Cope, Bull. U. S. Nat. Museum, XXXII, 
1887, 90.— Cope, Proc. U. S. Nat. Museum, XI, 1888, 398.— Cope, XII, 1889, 

147.— Cope, tW., XIV, 1892. 690.— Cope, Proc. Acad. Nat. Sci. Phila., 1892, 366.— 
Cope, Amer. Natur., XXX, 1896, 1013.— Cope, Rept. U. S, Nat. Museum, 1898 
(1900), 1164-1167.— Stone & Rehn, Proc. Acad. Nat. Sci. Phila., 1903, 33, 

Candisona adamanteus atrox Coues, Wlieeler's Surv. West of 100th Merid., V, 
1875, 607. 

Cavdisona atrox sonoromMs Kennicott, Proc. Acad. Nat. Sci. Phila., 1861, 207.— 
Cope, ibid., 1861, 292. 

Crotalus adamatUem sonorierms Jan, Elenc. Sist. Ofid., 1863, 124. 

Candisona scuiukUa Kennicott, Proc. Acad. Nat. Sci. Phila., 1861, 207-208.— 
Cope, ibid., 1866, 307. 

Crotalus snUtAtatus Cope apud Yarrow, Wheeler^s W'est of 100th Merid., 

V, 1875, 533. 


Kept. U. 8. Nat. Museum, 1893. 356. 
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Crolalus adamanteus RcuitUatus Cope, Bull. U. S. Nat. Museum, I. 1875, 33.— 
Yabrow, iWrf., XXIV, 1883, 12, 76.—Cope, Ppoc. Amer. Phil. Soc., 1886, 287. 
— Cope, Proc. U. S. Nat. Museum, XIV, 1892, 690. 

Caudisona adamantea scutulata CouES, Wheeler's 8urv. West of 100th Merid., 
V, 1875, 607-608. 

Crotalus adamatdeus '‘Jan, Icon. Ophid., 1874, livr. 46, PI. II, fig. 1." 

Locality .— Five specimens of this rattlesnake were taken in the vicinity 
of Tu(*son, Ariz. Not found at Alamogordo, N. M., although it occurs 
there.^ 

Description of Specimefis .— The specimens obtained range in length 
from 606 to 1026 mm. Head flat. Orbit depressed, surrounded below 
and behind by a single series of small plates wliich are separated from the 
reduced supralabials by three rows of scales. Two preoculars, the inferior 
bordered in front by the pit, the sujjerior by the loreal and the lower end of 
a cephalic scute. T\^'o nasals, the nostril situated in the posterior, the 
anterior in contact with the rostral. A group of small scales occupies the 
triangular space in front of the pit, between the nasal, rostral and supra- 
labial scutes. Rostral narrow. Supralabials 14-15, infralabials 15-18. 

The cephahc plates arc variable. In all of the specimens there is a 
pair of small plates immediately behind the rostral. From the external 
side of these plates tn elongated scute extends backward along the superior 
margin of the anterior and posterior nasals, the line of contact being along 
the canthus rostralis. Posterior to this plate is a second enlarged scute 
which is in contact posteriorly with the supraocular and bends over the 
canthus rostralis to meet the upper preocular and loreal. The supraoculars 
are large and margined on the inner side by a single series of small plates. 
The scutellation of the muzzle within the marginal scales just described 
varies in the different specimens. In one indiridual the space is occupied 
by small scales irregularly disposed. In another the first pair of interorbital 
scutes are a little enlarged, and each one is preceded by a similar enlarged 
plate, both pairs being separated by smaller paired scutes in line with the 
intemasals. In a third the first pair of interorbitals are enlarged and in 
contact, but the preceding pair of scutes are separated by small scales. 
In the fourth the pair of scutes preceding the first pair of interorbital plates, 
which are in contact, are separated only by two narrow scutes, while 
in the fifth they are in contact, and the scutellation of the upper surface of 
the muzzle consists of four pairs of rather large s(*utes, extending from the 
rostral to between the eyes. Thus there seems to be revealed in these 
specimens a tendency toward the fusion of the cephalic plates. 

The body is robust and the tail short. The dorsal scales are keeled 

» stone and Rolm. Proc. Acad. Nat. S<*l. Phila., 1003, 33. 
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with the exception of the outer two* which are smooth. The arrangement 
is 25~2t3-21~19 in two, but in the others there is an increased number on the 
neck, where the scales are much smaller than elsewhere on the body. The 
gastrosteges vary in number from 175-186. The urosteges range from 
18-26 and are mostly entire with the exception of the distal 1-5. Anal 
plate single. 

Tin* color is strikingly pallid. In h>ur specimens the ground color is 
light brownish or yellowish ash. The dorsal rhombs are light brown or 
dark ash, the centers l)eing lighter, and they arc margined with pale yellow. 
The anterior and posterior angles of these rhombus are nearly always truncate, 
those on the anterior part of the Ixxly often notched. On the posterior 
part of the b(xly the dorsal blotches are compressed into cross bands that on 
the tail fonn 3-5 black cross bars. In these specimens there is evidence of 
two rows of dusky blot<‘h<*s on the Ixxly lx.*low the dorsal rhombs, but these 
are very faint. Head above about the sainc^ as the ground color of the dorsal 
surface of the Ixxly. End of muzzle to the first facial strijx? about the same. 
Tlu* facial stripes aiv light yellow. The first intrudes the preoculars and 
runs downward and backward to embrace all of the suj)ralabials ]K>sterior 
to the seventh. Tin* second is narrower and extends from the posterior 
angle of the supnioculars to the angle of the mouth. Uetween the facial 
stripes, and extending from tlx* eyt* to the angle of the mouth is a dusky 
band about two and one-half to four scales wide. Belly yellowish white, 
immaculate. 

In a large old male the grt)und color ]xxsleriorIy is dull orange red be¬ 
coming dove gray tinged with ])ink anteriorly, the entire iip|XT surface 
being marked with fine black sjM)ts. The rhombs are dark reddish brown, 
lighter toward the center, and \^ith light margins. The tail bars are jet 
black, the intei*spa(*es pale yellow. 

Ilahifat Rc/ailtms. — I fin<l nothing rt'corded on the habits of this rattle¬ 
snake. About Tucson it is common both on the plains and slopes. Indi¬ 
viduals am, however, seldom obscrve<l <luring the heat of the day, except 
after heavy rains or on cloudy or foggy daw, when they are more* abundant. 
Mr. F. E. IJoyd informed us that he has, when sleejung on the ground, 
been awakened in the night by a snake of this S})ecies crawling over his 
blankets, which with the vertical })Upil indicates nocturnal habits. 

The partially digested ri'inains of a full grown ground squirrel was 
removed from the stomach of a .s|XTimen which I discovered one morning 
under a Crucifixion thorn bush. In the stomach of another a stone was 
found whieh measurtxl 14 mm. in <liameter. Since this snake measiut*d but 
700 mm. in length the stone is too large to have been contained in the crop 
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of any bird which it could swallow, and it was probably picked up accident¬ 
ally in seizing or swallowing food. 

Range .— This is one of the few forms secured by the expedition, that 
ranges from the low deserts of southern California and southwestern Arizona 
across the Proplateau region into New Mexico and Texas. In Texas it 
occupies the territory lying between the ninety-seventh meridian and the 
Staked Plains, south of the Canadian River. It ranges up the Pecos Valley 
at least as far as Santa Rosa, through the Trans-Pecos region, and to some 
extent up the Ilueco bolson and Rio Grande Valleys. 


Crofalus airox Baird & Girard. 


Habitat 


Field 

No. 


Locality 


When 

Collected 


Collector 


Creosote bush Assn. 




li 


ft 


A/ormjgordo, N. M. 

761 Plains south of Tucson Aug. 8-06 
1002 , Plains east of Tucson Aug. 20-06 
1015 Mesa >\est of Santa Aug. 21-06 
Cruz River 

909 Plains ea.st of Tucson .\ug. 15-06 
1045 .Mo.sa we.st of Santa Aug. 24-06 
Cruz River 


G. von Krockow 

A. G. Kuthven 

G. von Krockow 
F. K. Lloyd. 


TESTUDIXES. 


Kinostemon sonoriense Lc Cooie. 

Kinostemon sonariauv Lk Conte, Proc. Acad. Nat. Sci. Phila.. 1H54, 184 — 
Coles, Wheelers Surv. West of 100th Merid., V, 1875. 589.— Cope, Bull. C. S. 
Nat. Museum, 1, 1875. 52 -- Y1883, 6, 31.— Stejnegkr, Proc. 
U. S. Nat. Museiun, XXV, 1902, 149. 

Thyrosternum Agassiz, Contrib. Nat. Hist. U, S., I, 1857, 428.— 

B.atrd, TJ. S. and Mex. Bound. Sur^., Tl, 18.59, 3. 

Locality, — A single sj)eeinn»n (No. 988) of tliis turtle wa.s taken in the 
lower part of Sabino Canon, Santa Catalina Mouiitain.s, Ariz. 

Descr'ipium of Specimen .— Plastron rather large nearly closing the shell. 
Carapace rather strongly convex, wider and sloping .steeply posteriorly, 
converging gradually ])olh dorsally and laterally toward the anterior end. 
Three dorsal keels, the median along the vertebrals, the lateral along the 
upper part of the eo.stal scutes. Nuchal plate rectangular. Marginals 22. 
Costals 8. Vertebrals 5. Plastron broadly rounded in front, emaiginate 
behind. Skin of throat and sides of neck roughly tubercular, becoming 
smooth on the nape. Both on the dorsal and ventral surface of the neck 
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there are small scattered papillse and a well defined row of larger ones in 
line with the upper margin of ear; another less well defined row extends 
backward beneath the lower jaw. In the latter row there are two pairs of 
more prominent ones situated respectively near the symphysis of the lower 
jaw and angle of the mouth. Several poorly defined rows of small tubercles 
on the tail, and a fringe of them about the anus. Tail terminating in a 
strong nail. Three large scales on the forearm, and three near the heel. 
Tail strongly sulcate l)eneath. 

Carapace dull reddish brown, plastron dull yellow, all scutes faintly 
but broadly margined with black. Skin of upper surfaces black. Head 
above mottled with dull reddish brown and black. Beak light horn color 
splashed with black. Throat densely spotted with pale yellow and black. 
Under surface of limbs blackish browm. 

length of carapace 112.5 mm.; width of carapace betw’een fifth margi¬ 
nals 70.5 mm., betw^ecn eighth marginals 73. Greatest width of plastron 
(across anterior part of abdominals) 56 mm. I^^ength of plastron 100.6 
mm. 

Habitat Relaficms. — Little is recorded on the habits of this species. 
Stejneger records it as occurring in cafions in the Huacliuca Mountains. 
Our specimen w’as found on a stone in the stream in Sabino Canon. 

Range. — The only three localities previously recorded for the species 
are Tucson, Huachuca Mountains, and Guadulupe Canon, all in south¬ 
eastern Ari7X)na. 

Terrapene omata Agassiz, 

Cisiudo ornata Auahsiz, Coiitrib. Natur. Hist. U. S., I, 1857, 445.— Cope, Biill. 
IT. S. Nat. Miweuin, I, 1875, 58,— Coces Yakrow', Bull. U. S. Geol. Surv. Terr., 
IV, 1878, 260.— Cope, Bull. U. S, Nat. Museum, XVII, 1880, 13.— Yarrow, 
XXIV, 1883, 7, 37.--^*Gauma.v, Bull. Es.sex In.st., XVI, 1884.”— Cope, Ptoc. 
IJ. 8. Nat. MiLseuin, XI. 1888, 397.— ’ Bocxenger, Cat. Cheloniaiis Brit. Mus., 1889, 
118.”—Gahmax, Bull. Ill. State Lab. Nat. Hist., HI. 1892, 220-221.— Hay, 17th 
Ann. Rept. Ind. Geol. and Nat. Hist. Surv., 1892, 595.— Cope, Proc. Acad. Nat. 
Sei. Phila., 1802, 333. 

Termpcnc ttrnata Bach, Science, N. 8.. XVII, 1891, 190.— Baur, Am. Natur., 
XXVII, 1893, 678.— Taylor, Proc. V. S. Nat. Museum, XVII, 1895, 573-588.— 
Van Denbcroh, Proc. Calif. Acad. Sci., Ser. 2, VI, 1896. 338.— Jordan, Manual of 
Vertebrates of North. IT. S., 8th ed., 1899, 211.— Brown, Proc. Acad. Nat. Sci. 
Phila., 1903, 544, 553. 

Locality. — Three live specimens and a part of the shell of a fourth indi¬ 
vidual of this species were taken on the plain near Alamogordo. The 
residents statt^ that it is not abundant and is only occasionally seen. A an 
Denbuigh has recorded a specimen from the vicinity of Tucson, but w^e 
failed to find it in that region. 
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Description of Specimens ,— The s{>ecimens ol)taine(l agree closely with 
Taylor’s ditignosis and their description may be summarized as follows: 
Quadrato-jugal absent. Claws on fore-feet 5, on liind feet 4. Digits 
without distinct web. Phalanges in fore foot 2 in each digit. Carapace 
flattened above making it broadly oval in cross section. A median ridge 
is present but no keel, and the tliird vertebral plate is less than t^vo-thirds 
as long as wide. Plastron widest across abdominal plates. 

In all of the specimens the head is light brown above, Avith small spots of 
greenish gray; the throat is grayish yellow, and the neck above a dark gray. 
Likewise in all three s])eciTnens the skin on th(» body and legs is a unifonii 
dull gray, and the large scales on the fore-legs have light yellow centers and 
dark brown bonlers. 

In No. 402 the ground color above is light chocolate brown marked with 
small irregular gr(‘enish yellow maculations. These markings are rather 
indistinct, form no distinct patt(‘rn, and bccomt* quite obscure on the last 
two costal and sixth vertebral scutes. The pla.stron is a dull yellow with 
large dull brown blotches. 

In No. 827 the ground color of the carapace is dark chocolate brown with 
distinct markings of dull greemish yellow, in the form of narrow bands 
wliich exhibit a tendency to radiate from the growth centers of the scutes 
and to form a median dorsal lin<\ The plastron is dark chocolate brown 
with very numerous irregular bands of dull grt.*enish yellow. 

In No. 828 the ground color of the campace is blackish relieved by num¬ 
erous distinct greenish yellow bands that show a pronounced tendency to 
radiate from the growth centers, and form a nearly continuous vertebral 
line along the dorsal ridge. The ground color of the plastron is the same 
as that of the carapace, with numerous irregular bands of dull greenish 
yellow. 

Habitat Relations .— Tlie.se specimens were all taken on the plains in 
the Mesquite and Atriplex associations. It Avas not obserA^ed aboA^e the 
plains and, Avhile this is in no way indicatiA^e that it doe.s not occur on the 
mountain slopes, it is doubtful if it d(K*s so, as the stony nature of the ground 
would seem to be imfa\’orable to its burrowing habits. It was only obserAxd 
after rains. 

Range. This Box Tortoise inhabits the more arid parts of the United 
States. Its home may be defined as the (m^at Plains and Prairie regions 
of central United States, and the arid plains of the Projilateau, but the limits 
of its range are yet to be drawn. ’'Paylor ^ guA^e it in ]895 as occurring *Trom 
the Rocky Mountains east to Tiake Michigan and Indiana, south to the Ozark 


» Tioc. U. S. Nal. Miisfuni, XA^ll, 5Sl?--r)S3. 
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Mountains, and east to western Indian Territory and central Texas, and 
from the Rio Grande River north to the YellowstoiK? River."' Since then, 
however, Van Denbui^h ^ has recorded a specimen from near Fort Ix)well 
(Tu(*son, Ariz.), which extends the range considerably further to the west¬ 
ward. Taylor notes the fact that no species of Terrapene has been reported 
west of the Rocky Mountains, and suggests that this may be due to the 
^^great elevation and consecjuent climate of the mountains.” This expla¬ 
nation is probably the true one on the Great Plains, for being an arid type 
the increased moisture that characterizes the slopes of the Rockies, as well 
as the increased altitude and lower temperatun^s, probably serve to limit 
its habitat on the west. In the Projdateau region, however, this barrier 
does not exist, as the arid basins form a highway by which plains types may 
push into the southern parts of New Mexico and Arizona. That the West¬ 
ern Rox Tortoise takes advantage of this highway is shown by the following 
locality records: San Antonio to Fort Inge, Texas (Taylor); Alamogordo 
nnd Las Cruces, N. M., and El Paso, Texas (Taylor); Fort I-K)wc 11, Arizona 
(Van Denburgh). 

Terrapene ontaia Agassiz. 


Habitat 

Field 
, No 

Locality 

1 When 
i Collected 

Collector 

Mesquite Assn. 

tt 

ft 

I 

! 178 

327 

Alamogordo, K, M, 
Plains south of Ala¬ 
mogordo 

, Plains went of Ala¬ 
mogordo 

ti 

July 11-06 

July 16-06 

a 

G. von Krockow 

a 

tt 

Atriplex Assn. 

462 

U 

July 19-06 

A. F. Zimmer 


Sl^MMARY AND CONCLUSIONS. 

In the following table the local distribution of the different sj>ecies of 
reptiles * taken at Alamogonlo, N. M., and Tucson, Ariz. has been sum¬ 
marized. 

* Pror. Calif. A< a(l. Scl., Sor. 2, VI, .338. 

3 Tlu* data on th<‘ habitat distnbuiiou (»f the amphibians, of region entirely too small 
to permit of any generalizations at present. 



HabiicU Didribiitwn of the Reptiles taken at Alamogordo, New Mexico, and Tttcson, Arizona. 
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From the data in tiie annotated list, as summarized in the above table, 
it may be noted: ^ 

‘ 1. That each set of environmental conditions which is marked out hyf 
a distinct plant association has a definite reptile fauna, 

2. That the reptile fauna of the Pine-Spruce and Pinon-Cedar associa¬ 
tion is {considered together) composed of hut few species, some of which are 
partly arboreal in habits. As the reptiles are a tropical group this is the 
condition of affairs tliat we should expect since the environmental condi¬ 
tions in these associations, so far as they affect the reptile life,* may be sum¬ 
marized as follows: cold winters and cool summers, greater precipitation, 
abundant arboreal vegetation. 

3. That the reptile fauna which inhabits the wooded riparian habitat 
on the plains h very similar to that of the Pine-Spruce and Pinon-Cedar 
associations. This is also what we might expect from the similarity in the 
conditions and the continuity that exists between these two habitats. 

4. That the biota of the terrestrial habitats behw the Pinon-Cedar associa¬ 
tion, with the exception of the riparian habitats, aie more nearly related to each 
other than to those above them, and may be considered as belonging to a single 
type—that of the Arid plains. This is shown by the fact that very few of 
the forms found Iw'low the Pinon-Cedar zone are jx‘culiar to a singltj associa¬ 
tion, most of them occurring in two or more habitats, while but few occur 
also in the Pinon-Cedar association or above. 

This may he attributed to the fact that the environmental conditions 
within tliis area differ gradually and only in a limited degree, so that the 
biota of the different habitats do not become strikingly different, the effect 
of the change in the conditions being shown princi{)ally by a difference in the 
relative abundance of the sjK'cies. The conditions of all the subhabitats are 
very arid and the vegetation low and scanty, so that the n*ptile faunas of the 
different associations must conform to the same geiuTal conditions. That 
they do so is shown by the fact tliat they all possess tlie following char¬ 
acteristics: (a) they require a minimum amount of water, (6) they are all 
ground forms, and those which do not rely for protection upon their powers 
of defense depend upon their powers of locomotion, the protection of holes 
or a protective resemblance to the soil, (c) their food consists primarily of 
ground-forms such as ants, grasshoppers, small mammals, other reptiles, etc. 

5. That the affinities of the biota of the Pine-Spruce and Pinon-Cedar 
associations are with the Rocky and Sierra Nevada Mountains. These 
associations are confined in tluj Proplateau region to the hij^er ellvatioiis 
but to the northward spread over the High Plateau. This is well illastrated 
by the range of three of the characteristic forms. 

(a) Juniperus monosperma, ‘‘Along the eastern base of the Rocky 
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Mountains from tho divide between" the Platte and Arkansas rivers in Coio- 
rado to western Texas, spreading over the Colorado plateau, over the moun¬ 
tain ranges of Nevada, southern New Mexico and Arizona, and southward 
into northern MeaSco; often covering with the Nut Pine, in southern Colo¬ 
rado and Utah and in northern and central New Mexico and Arizona, great 
ureas of lolling hills 0,000® to 7,000° above the sea^level; reaching its laigest 
size in northern* Arizona/’ (Sargent, Manual of the Trees of N, A-, 93). 

{h\Pinm pimderosa, “The form of the Rocky Mountains (var. scopvr 
lomm, Engelm.), ranging from Nebraska to Texas and over the mountain 
ranges of Wyoming, eastern Montana and Colorado, and to northern New 
Mexico and Arizona, where it forms on the Colorado plateau the most 
extensive Pine forests of the continent.” (Saigent, Manual of the Trees 
of N. A., 16). 

(c) Pkrynosorm heniaiided, “The wooded plateau"*region of Colorado, 
Utah, New Mexico, and Arizona.” (Stejneger, North Amer. Fauna, No. 3, 
113). 

6. That most of the reptiles of the Arid plains are characteristic of the 
Proplaieau region and Mexkan Plateau^ hut the fauna shares several forms 
with central Texas on the east and the Sonoran Desert on the %vest, and in 
return receives at its margins several species from these regmis. For example, 
Cnemidophorus melanostethusy Holbrookia approximans and Sceloporvs 
magister may be considered peculiar to the Proplateau region, while Cnemi- 
doph/mis sexlineatus enters its borders on the east from tlu* Prairie region 
of Central Texas, and Callisaurus ventralis^ Phrynosoma solare and Heh- 
derma siispecfum on the from the Sonoran Desert. 

7. That several of the Arid plains forms which occur also in central 
Texas shoiv a tendency to become differentiated from their eastern represen¬ 
tatives in southern New Mexico and western Texas, The better known 
examples of this have been discovered by Stejneger. They are Pituophis 
catenifer de>serticola and P, catenifer sayi, Coleonyx variegatus and C. hrei'is, 
Crofaphytus collaris and C. coUaHsi hdileyi. 

Corresponding, therefore, with the different .sets of environmental 
conditions preriously pointed out (th^'Mountain summit. Plateau and Arid 
plains habitats), tlierc are three distinct biota in the Proplateau n‘gion. 
Merriam ^ in his map of the life zones of North America does not recognize 
the Arid plains habitat in soutlieastern Arizona and southwestern New 
Mesico, but in eastern New Mexico has defined our throe major habitats^ 
as Transition (Mountain Summit), Upp^r Sonoran (Plateau) and I^ower 
Sonoran (Arid plains) tones, and his application of the tw’^o former terms 


* Year book Dept, of Ag^riculture, 1S94. 
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has been followed by later writers. Cockerell,* however, has pointed out 
that the Arid plains biota is to be distinguished from the rest of Merriam’s 
Lower Sonoran zone (which included central Texas and southwestern 
Arizona), and has suggested the name of Middle Sonoran for this habitat, 
which he held to be a part of the Upper Sonoran zone. Bailey,* however, while 
recognizing the ditfcrence between the, biota of the Arid plains of the Trans- 
Pecos region and that of the Prairie region of central Texas, placets the former 
as a subdivision (extreme arid Lower Sonoran) of the Lower Sonoran, thus 
recognizing that its affinities are with the Prairie region of central Texas 
rather than with those of the Pifion-Cedar association, which is obviously 
the case. h\irthermorc, although Merriam includes this habitat with the 
low plains of southwestern Arizona in his lower Sonoran zone, it must be 
recognized that, at least from the standpoint of the reptile life, these two 
regions arc quite as distinct as are the Arid plains of the Proplateau and the 
Prairie region of central Texas. It is a broad generalization to class these 
three regions together in one ‘^zone.” 

On the whole, it seems advisable at the present time, at least from the 
standpoint of reptiles, not to attempt to stretch any one ^^zone^' over the 
entire continent, but rather to express the rt^lationships of the biota of the 
different regions studied, in provincial terms. Until more data shall have 
been accumulated such wide generalizations serve to obscure the finer 
details of habitat distribution. 

The present distribution of the reptiles of this n^gion has been describtHl 
above as if the present conditions were stable. Tlaw are far from being 
so, however. The mountains are being rapidly denuded, and the habitat 
of the Pine-Spruce and Pinon-Cedar associations consequently destroyed. 
The higher intennontane basins (of the type of the Hueco bolson) are being 
filled up, jis the mountains are lowered, and will in time obtain streams of 
their own by the headward erosion of the streams in lower and adjoining 
basins. When this has taken place the Mt'squite association will become 
confined principally to the stream margins, the Creosote bush association 
will move down upon the plains, and the Atriplex association will become 
restricted to local areas, a stage which is represented at Tucson at the present 
time. The arid plains forms thus tend to become the climax type. Davis ® 
has characterized the advanced stage in the geographical cycle as follows: 
‘‘the initial relief will be extinguished even under the slow processes of desert 
erosion, and there will appear instead large, rock-floored plains sloping 
toward large waste-floored plains; the plains will be interrupted only where 

1 New Mcx. Agw. Exp. Sta.. iiull. 15, 24, 1^8. Amer. Natur., XXXIV, 285-293. 

s North Amer., Fauna. No. 25. 

a Jour, of Geologjr, xill, 388. 
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parts of the initial highlands and masses of unusually resistant rocks here 
and there survive as isolated residual mountains/' We should expect, 
therefore, that as the aridity increased the forms in the more arid regions, 
adjoining (southw'estern Arizona) would push in, possibly to the exclusion 
of the present forms. 

Far too little is known of the geological history of this region to permit 
of the application of this order of succession to the solution of the problem 
of the origin of the different biota at present found in the Proplateau region. 
Since, however, the characteristic forms of the Arid plains, Pinon-Cedar and 
Pine-Spruce associations belong to genera which have their greatest devel¬ 
opment on the plains in this region it seems safe to adopt the conclusion, 
at least as a working hypothesis, that the reptiles of the Arid plains have 
had their origin in this general region (Mexican plateau and Proplateau), 
and that the forms of the Pinon-Cedar and Pine-Spruce associations have 
been derived from them. 




56.52(78.8) 

Article XXIV.— SOME FOSSIL AHTIIKOPODS FROM FLORIS¬ 
SANT, (X)L()RADO. 


By T. 1). A. Cockerell. 
MYllIAPODA. 


JULITLE. 


lulus florissantellus sp. nov. 


Body rings about 41 or 42, longitudinally striate 
l)elow the middle, the striae coarse and not numer¬ 
ous, the upper ones about 170 fi apart, the lower 
about 8.). Depth of body near middle about 
1275 length of a middle segment dorsally about 
680; length of legs at middle of body about 1190; 
caudal enil pointed. The specimen is curled up, 
and in this position has a diameter of 71 mm. 
Station 14 (TP. M. WhuUr). (Fig 1.) 

This is the ordy ’MyriaixMl yet foiiiid at 
Florissant. 



Fig. 1. Julu8 florissanlellus sp 
no\. 


ARACHNIDA. 


PlUIAXGIIlLE. 



Fig. 2. Leptohunv$ ataviis sp. nov. 
pairs, owing to their relative measurementa 


LeptobunuB atavus s]). nov. 

Similar to the modern L. qrandis 
(Say). Body of the usual shajie, about 
7 mm. long, dorsally pallid, the poste¬ 
rior half with a broad dark lateral 
strij'ie, ta].>ering at either end; this 
stri|>e is about 3^ mm. long. Paljn 
normal; last joint more slender than 
penultimate one, and obviously longei; 
the last tw'o joints together measure 
about 2J mm. Three legs are pre¬ 
served, apparently the Ifftst pair and 
one of the second ones. Anterior (?) 
femur about 8 mm., their tibiae 6 mm ; 
their tarsi 11. Second (?) femur 7 mm., 
tibia 4J, tarsus 9J. Some doubt is 
cast on the identification of these legs 
as belonging to the first and second 
; the first should be shorter. (Fig. 2.) 
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One good specimen, with reverse; Station 14 (W. P, Cockerell), This 
is the first harvest-spider from Florissant. 

Leptobunus Banks is part of Liobunum, as formerly understood. The 
antiquity of the group, as here indicated, favors the segregation. 

NEUROPTERA. 

Raphidiid^. 

Megaraphidia gen. nov. 

Anterior wing, compared with the same wing of Raphidia oblita, as figured by 
McClendon in * Entomological News,^ April, 1906, p. 117, shows the folloi\'ing resem¬ 
blances and differences:— 

Costal region, subcosta and pterostigma all normal. 

with two branches beyond pterostigma (one in Raphidia), 

Cross-vein from to before stigma nonnal. 

Second cross-vein arising from near V>eginning of apical fifth of pterostigma 
(beyond it in Raphidia), and R* not at all bowed at its origin. It enters R* at point 
of origin of last branch of that nervure. 

R^ with five branches (three in Raphidia) , of which all but the third fork near 
end, the forks normal in fonn. 

R® arising beyond the first cross-vein (instead of before it) — about as far beyond 
as length of cross-vein — and ending in a very long fork, longer than its stem (a 
very short fork in Raphidia). 

No cross-vein from R® to IV; but a cross-vein to as in Raphidia, this cross¬ 
vein however near to origin of R®, not far from it as in Raphidia. 

R*"^® separating into a long fork, as long as that of R®, its lower branch having 
a short apical fork. 

A cross-vein to M just beyond cross-vein between R® and R**^® (before it in 
Raphidia). 

From position of R®, and the absence of a cross-vein between R® and R®, it results 
that there is a single large pentagonal cell in the forks of R* and RS. 

Radius, media and Cu^ separating normally, at a single point. 

Media with four apical fork.s in succession from the first (three in Raphidia); 
the stem of the third arises normally from a cross-vein. 

Last fork of media very small (large in Raphidia). 

Cu‘ and Cu® normal. 

Anal veins nonnal basally, but meeting at a point (not approaching, and joined 
by a cross-vein), so as to make an X, and the apical vein not forked. 

Many of the above character.s are very likely not even of specific value, 
but several of them are so distinctive as to quite alter the appearance of the 
wing, and the combination appears to justify a new generic name. 
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Megaraphidia elegans sp. nov. 


Represented by a single anterior wing, perfectly hyaline, with very distinct 
nervures, its length about 14 mm., or 
slightly more; greatest breadth about 4} 
mm. The pterostigma is pale. A email 
leaf covers a portion of the middle of the 
wing, but fortunately does not hide any¬ 
thing of much importance. Station 13, 

Florissant, 1906. (Tl". P. Cockerell.) 

<Fig. 3.) 



Fig. 3. Megaraphidia elegans sp, nov. 


Easily distinguished from any of the Raphidiidae described by Scudder 
by its much larger size. 


TRICHOPTERA. 

The fossil Trichoptera of Florissant are quite numerous, and have been 
discussed at length by Scudder, who recognized three genera and three species 
of Phryganeidm, one genus with one species of Limnephilidae, one genus 
with two species of liCptoceridie, and eight genera and sixteen species of 
Hydropsychidie. Unfortunately, liowever, many of the specimens are 
poorly preserved, so that accurate and detailed descriptioas are impossible; 
and several sj^ecies have not been figured. I have been allowed to examine 
the types (belonging to the Museum of Comparative Zoology) of several 
of the most obscure species described by Scudder, and the results are given 
herewith. 


PifKYGANEII).®. 

Phryganea labefacta Scvdder, 

At Station 4 I found a very good specimen, shoMing most of the anterior 
wing. The characters agree with Phryganea, though the wing is quite 
broad, herein approaching Neuronia, The branches of the sector agree 
with P. minor, not with P. grandvf, except that the second is closer to the 
third than to the first, at point of origin. 

Wing reddish brown; radius with the l)end distinct, about as in P. minor; first 
apical branch of sector parts from diseoidal cell about 2i mm. from apex, and SJ 
from base (thus not at middle, as Scudder says — but his figure agrees with our 
specimen); lower border of diseoidal cell straight or practically so (not as full as 
the upper, as Scudder says, but his figure agrees sufficiently with our insert); tip 
to base of first fork 9 mm.; length of diseoidal cell 6 mm.; tip to base of diseoidal 
cell almost 13 mm.; length of third fork 7 mm., of fifth, 6 mm. Probable length 
of wing about 20 inin; breadth 7i mm. 
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Ltmnephilii>.e. 

Plat3rpliylax (Eopteiyz n. siibg.) florissantensis sp. hov. 

Station 14, one good wing, with a less perfect reverse (Fig, 4). (The station is 
a little in doubt; it may have come from 13). 

Anterior wing of a uniform wann 
brown. 21 nun. long, TJ broad, venation in 
most respects normal, but the following 
peculiarities are noteworthy : — 

(1) The radius is perfectly straight to 
the end, not in the least bent; at ajKJX it 
is only half as far .from the ui)pennost 

Fig. 4. Plaiyphyhix(Eopteryx) ^orismnt- branch of the sector as the latter is from 
enais subg. ct sp. nov. t , i 

the .‘iecf>nd branch. 

(2) The di.scoidal cell is extremely long, a trifle over 9 mm,; its base is 5J mm. 
from base of wing. 

(3) The fifth apical fork is (piite regular, its lower side not bent. 

(4) The inferior cubitus runs to the margin parallel with the lower branch of 
the fifth fork, and is not suddenly or abniptly directed downwards; it fonns a ver^'' 
acute angle with the margin of the v\ing. The transverse vein uniting it with the 
lowermost branch of the upt)er cubitus is so faint that I cannot be quite sure of its 
position. The postcosta is independent of the inferior cubitus. 

The apical cells are of about equal width; apical forks 1, 2, 3. 5 present; cellula 
thyridii about 8 nun. long; base* of seventh and eighth apical cells 3 mm. basad 
of base of fourth. The first branch of the sector is arched as it leaves the discoidal 
cell, as in Halemm. The se\Tnth apical cellule is narrowly very obliquely trun(*ate 
basally. 

This seems nearest to Phifijphylax in its eharaeters, including the vena¬ 
tion, the large size (probable expanse about 47 inni.) an<J the color, 
straight radius, very long diseoidal cell, and regular fifth fork, etc., an^ 
however peculiar, and all may Ik? regarded as primitive characters, I , e ,^ 
as tending to a condition of sim}>le radiating veins. 

Mr. Nathan Hanks and Dr. (kmielius Hetten, whom I liave eonsulte?<l 
on the subject, both regard the fo.ssil as represeutiiig a new genus; but sinee 
the eharaeters are only moderately divergent from some forms of Plafyphylax^ 
and the Icg-eharaeters, so important in the classification of Triohoptera, 
are totally unknown, I think it may suffice to trt'ut it as repre^senting a di.s- 
tinct subgenus only. This subgenus (or genus) ? may be terme<l Eoptaryx. 

I.EPTOCERIO/E. 



Setodes abbreviata Stmlder, 

1 have examined Scudder'.s ty|>c No. 5218. I had taken it for a moth. 
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probably an Elachistid, until I came to examine it minutely. The wings 
are black, pointed, and are covered with longitudinal cracks, which have 
nothing to do with the venation, the latter being obsolete; .length of anterior 
wing about mm. Antennae thick and very long (at least 6 mm.); their 
thickness near the base is about 119 fi, near the middle about 85 /£. 

Abdomen pale, extending about 1870 p beyond tips of wings. 

The generic reference is necessarily provisional. 


Hydropsychid^e. 

Tinodds paludigena Scudder. 

The specimen examined is Scudderis No. 2142 — not the one figured. 

It is quite a doubtful insect. Length of anterior wing 6 mm.; costal 
region haring a golden lustre; subcosta and radius would do for Tinodes, 
also base of median cell, but not the apparent first fork — but this is indis¬ 
tinct and dubious. The radius bends upwards at the end. 

Polycentropua axesua Scudder. 

Scudder’s No. 3143 examined. All that can be seen agrees exactly 
with Polycentropus, Length of head and body 7 mm., of anterior wing 
8 inm. Veins hardly infiiscuted; no dark subcostal shade (such as is seen 
in P, wiemus); radius turning up a little at end, and exactly as in P. flavor 
Tmculafus; bases of discoidal and median cells exactly as in P. flavoTrtaev^ 
laim; length of fifth fork or 2^ mm., with the bulging base exactly as in 
P. flavomacidatus; base of discoidal cell about 3J mm. from base of wing, 
and 4| from apex; length of first apical fork on its lowTr side 1190 /x; second 
fork about 2^ mm. long; distance between second and third branches of 
sector at level of middle of first fork about 238 /x. 

Scudder^s doubtful Polycentropus (?) eviratus I have not seen. The 
figure looks much like a moth; the wings heavily scaled, and no venation 
visible. 

Folycentropos setemus (SciMer), 

Derohroehm cetemus Scudder; t}q>e = specimen No. 5308. I examined 
this very carefully, and do not see any reason for separating it from Po/^- 
centropus. 

Length of anterior wing about 9§ mm.; a dark shade above the discoidal cell; 
the discoidal and median cells, and all the forks, are plainly risible. A]:)ex of dis- 
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coidal cell about 3 mm. from end of wing (in straight line) and five from base; apex 
of median cell about 2^ mm. from end of wing, and 6 or nearly from base; apex of 
median cell about 850 ft more apioad than that of discoidal; fifth fork about 2i mm. 
long, broad toward base. 

The following measurements are in ji \— 

Length of discoidal cell, about. 2550. 

Width of discoidal cell near end. 510 

Beginning of fork of first two branches of sector (first apical fork) beyond 

end of discoidal cell. 1020, 

Length of hairs, as seen in first fork, about .85. 

Distance between divscoidal and median cells. 391 . 

Width of median cell near end ......... 340. 

Origin of last nervure from median cell from (basad of) origin of the one be¬ 
fore (i. c., fourth fork on median cell). 705 . 

Length of fourth fork al)out . . ...... 2205. 

Length of third fork over 2550, but its apex about 680 less basad than that of 
fourth. 

Length of first fork on its lower side . . . 1020 (/. c., equalling its stem). 

Width of first fork at level of termination of its up|>er .side . 425. 

Distance between second and third branches of sector: — 

(1) At level of end of first branch . . . 30(5 

(2) At level of end of second branch . . , . .470 

Distance between third and fourth branches of .sector:-- 

(1) At level of end of .second branch ... .... 408. 

(2) At level of end of third branch . ... 470. 

Width of fourth apical cellule* - 

(1) At 1700 from tip of ^\ing . . .... 425. 

(2) At level of termination of its lower side on margin 510. 

Width of fifth apical cellule (third fork):— 

(1) At 1700 from margin on its upper .side ... 340 . 

(2) At level of termination of it.N lower .side on margin . 544 , 

The last branch of the sector ends almo.st exactly at tip of wing, as it, the case in 

Hydropsyche . 

I have given the ai)ove elaborate nieasurement.s partly to show tliat in 
this species, at least, the pe< uliar characters a-ssigned to Derohrochus art* 
not found; and partly because thcvse fo.ssils have to he determined frecpicntlv 
from imperfect material, and in such case.s an exact knowledge of the various 
proportions is essential. 

Derobrochus commoratus Snuhler, 

Specimen examined, Scudder\s No. 14171. This Is not precisely a 
Polycentropiis, but perhaj>s hardly a distinct genus. Scudder says the 
neuration is as in D. (efrrnm, but it is not so exactly; the fourth branch of 
the sector arises much more basad, the first apical fork has a very much 
shorter stem, and the third fork has a short but distinct stem. It is also a 
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more slender winged species; anterior wings about 9 mm. long and 2f broad. 
The base of the third apical fork is on a level wdth that of first. Length of 
first fork on its lower side about 1 rnm., or slightly more. Discoidal cell long. 
Third nervum from median cell a little nearer to fourth than to second. 

Derobrochus canulentua Scudder. 

Hpeciiiien examined, Scudder s type, No. 14444. 

Length of head and body just over 8 inm.; anterior wing long and narrow, 
9 mm. long, 2J broad; wing strongly hairy; a|:>ex a little above middle. First apical 
fork about mm. long on its lower side; second apical fork about 2i mm. long on its 
lower side, but its base cannot Imj exactly located; end of fourth branch of sector at 
apex of wing or just al)ove; length of third apical fork mm.; length of nervure 
from middle of apical side of median cell 1^ mm. 

Forks 1 and 2, as also the sliajx' of th(‘ wing, would agree with Triarnodes, 

IIo\v(‘ver, I seem to see a median cell, much as in Hydropsyehe, but its 
outer l>or<ler straight, giving off a nervure in middle of border as in Hydros 
psyche\ I also .see third fork from its up[>er corner, as in Ilydropsyche, 

The inse(‘t is nearer to IIydmpsyche than to Polycentropus^ and may 
he a slender sj)t*cies (»f the former gtuuis. 

Derobrochus abstractus Scudder. 

Specimen examined, Scudder’s tyj>e, No. 9377. This is the first species 
of DerolmichuJt, and must U' considered its tyt>e, no statement being made 
to the (Contrary. 

Shape of wings agree.s fairly well with Polycentropus. Discoidal cell 
(‘vidently very long, probably about 4 mm.; apex of discoidal cell from 
apical margin in straight line 3 mm., but to apical point 4 mm., and to base 
about 7 mm. Scudder says, “the first apical cell is remarkably long’"; 
so it is, the first fork having a length of 2805 /e on itsS lower side. 

The following measimunents an' in p. 

Width of first apical cellule at level of the tennination on margin of its upper 


side.^*^9* 

Width of second apical cellule at level of termination of upper side 42.5. 

Width of third apical cellule at level of tennination of upper side of second 510. 
Width of fourth apical cellule:— 

(1) At level of tennination of upjxjr side of second . .510. 

(2) At 1700 from apex of wing.’^40. 

Width of fifth apical cellule a short distance from end . •'>19. 

Width of sixth apical cellule 850 from margin (counting on its upper side) 510. 


The rest of the wing is obscured, partly by overlapping. The in.sect 
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seems not to be a Hydropsycliid; according to the character of the first 
apical cell it could come near Lepidostoma (Sericostomatidse) or Siemphylax 
(Limnephilidae). It is safe to say that it is not congeneric with the other 
three species described above. 

There remain three species of Derobrochus wdiieh I have not seen. 
Scudderis figures of D. craferoB' and D. frigescens plainly show the fifth 
apical cell (thini fork), wdiich is supposed to l>e absent. Some of the vena- 
tional characters shown in the figures appear to l)e inaccurate. 

HYMENOPTERA. 

^ CHALCIDin.E. 

Ohalcis prsovolans sp. nov. 

9 . Length 5 min,; expanse of wings 7 mm.; head and thorax black, legs dark 
brown, abdomen somewhat reddish, apparently with linear light transverse bands; 

wings slightly infuseated. reddish; head 
broad, its breadth al)out IJ mm.; tho¬ 
rax stout, globose, almost 2 mm. broad, 
with verj'^ large strong punctures, close 
together; abdomen nearly 3 mm. long, 
narrow’ (like some HalticMla), its 
breadth alxiut or scarcely over 1 mm., 
the sides subparallel, the ovipositor 
slightly exserted, its apex broad and 
rounded; hind femora very stout, about 
525 /i diarn. in middle; length of hind 
femur about 1200 ft; hind tibiie stout, 
quite 255 ft broad; veins all verj^ pale, subniarginal 1125 ft long, marginal 375, 
stigmal 135, postmarginal 240. (Fig. 5.) 

Station 12 (S. A. Rohwer). One example, w’ith reverse. I learn from 
Mr. Brues that this is also represented from Florissant in the Scudder col¬ 
lection. 



Fig. 6. Chalcis prcevolana sp. aov. 


Tenthredinid.*:. 

Subf. Emphytin.®. 

Pseudosiobla megoura .sp. nov. 

Length 16 mm.; head and thorax were apparently black, small compared with 
abdomen, which is nearly 12 mm. long and 5 broad, pale, with a broad dark band 
on each segment; wings hyaline, with dark nervures. 
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Venation of anterior wings almost as in P, excavata (MacGillivray, Pr. U, S, 
Nat. Mus., XXIX, pL xxviii, f. 48), but differing in slight particulars, as follows:— 

( 1 .) Stigma narrower, hardly so bulging below. 

( 2 .) Costal cell more evident, more as in Eriocatnpa, 

(3.) Cross nervure of marginal cell entirely as in Pseiulosiohla, but third t. c, 
(RJ joining marginal nervure much further ( 8 ^ n) beyond it. 

(4.) First submarginal cell a little more produced basally. 

( 6 .) Interval between origin of cubital nervure and insertion of basal somewhat 
greater (510 p), 

( 6 .) Basal bend of third (second. Norton) anal nervure very light. The oblique 
of lanceolate cell is normal, except that it is less oblique; it is 510 p long, the distance 
straight across the cell at this point being 425 p. Its upper end is 1462 p from lower 


end of transversomedial. 

The following measurements are in p :— 

Length of first submarginal cell. 884. 

Ijength of basal nervure. 1275. 

Length of first discoidal cell (diagonally). 2652. 

Basal nervure from transversomedial. 374. 

Lower side of first discoidal (b. n. to origin of first r. n.) . . . 1734. 

Length of second recurrent nervure. 1275. 

First s. m. on cubital nervure. 850. 

First t. c. to insertion of first r. n..510. 


The venation of tlie posterior wing cannot Ije ascertained. 

Station 13. 

The genus is n^pre.sented in the modern fauna by a si>ecies of the north¬ 
ern States, from Illinois to Massachusetts. 

Subf. Tenthredinin-e. 

Tenthrado submersa sp. nov. 

I.iength about 13 mm.; of the usual form; head and thorax apparently black; 
the abdomen was probably red, its width is about 31 mm.; venation light brown. 

Anterior Wing. 

Lanceolate cell. In general like TentkredOf with straight cross-nervure, the cell 
contracted to the cross-nervure, so that the latter is only about as long (102 p) as 
broad; apical part of lanceolate cell (i. e., beyond the cross-nervure) about 2720 
(this and the following measurements in p) long and 425 broad in the middle; nervure 
M 4 -f Cu, (t. m.) entering about 1309 from apex. 

Median cell large, 595 high, its apex not much produced, the basal nervure 
(about 595 long) at an angle of more than 45®. This is more like Strotnboceros. 

Costal cell widest (340 wide) opposite insertion of basal nervure, the cross-nervure 
indistinct, but placed as in Tenthredo, that is, not very far from basal. 

Svbmedian cell shaped as in Tenthredo, but there is a distinct bend in the externo- 
medial nervure about kw from the origin of the basal. From 1. n. to t. m. is ai)out 
340, and t. in. is about 731 long. 
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First discoidal cell large, shaped as in Tenthredo, but base blunter; about 2771 
long. 

Second discoidal as in Tenthredo, but the apex rather more produced. 

Third discoidal as in Tenthredo, the upper basal side 1020 long, lower basal 680. 

First svbmarginol cell cuneate, much longer than in Tenthredo, 1105 long, about 
476 broad at broadest point, the first t. c. about 289 long. 

Second submarginal on marginal nervmre 1530. Insertion of second t. c. to junc¬ 
tion of cross-nervurc of marginal cell with marginal nervure, 850. 

Posterior Wing. 

Lanceolate cell shaped as in Tenthredo, al>out 561 broad in middle, but not touch¬ 
ing first apical cell, l>eing separated from it by a nervure about 170 long, thus more 
like Macrophya. 

Agrees in all important res[)eets with Tenthredo as figured by MacGilli- 
vray, Proc. U. S. Xat. Mils., XXIX, pi. xxxi, f. 56. 

Station 14, a good specimen, with reverse. A small leaf of Plancra 
longifolia is on the same slab, about 10 mm. from the insect. 

VESPID.E. 

Palsdovespa scudderi Ckll. 

At Station 13 I found a good example referred to this species (Fig. G). 
It is about 22 mm, long; anterior wing about 14 mm.; eyes visible, and 
as in type. 

Thi.s is larger than the type, and I think a queen. 

The following wing measurements art* in /i, unless the contrary is stated: 

Length of first discoidal cell about 6J mm.; marginal cell pointed; insertion of 
third t. c. to tip of marginal 1200; third s, ni. on 
marginal about 840; second s. m. on marginal about 
570; marginal nervure to insertion of basal, 600; 
basal nervure inserted at base of stigma; first (api- 
cad) .section of b. n. 12fK); insertion of first t. c. to 
stigma, that is first s. in. on marginal, about 1125; 
lower side (on discoidal) of first s, m. about 2250; 
lower edge of second s. m. (from lower comer of 
ajiex to discoidal) about 1050; insertion of second 
Fig. 6. Palceovespa scudderi l>eginning of second t. c., 300. The end of 

first discoidal is scarcely more oblique than in Vespa. 
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Subf. ScELIPHRONlN®:. 


Olialybion mortuum sp. 


nov. 


Length 18 imn., of which 10 is head and thorax; the abdomen is retracted and 
directed downwards, if it were fully extended the insect would doubtless measure 
20 mm.; anterior wing about or nearly 11 mm.; hind femora 4 or slightly more; 
hind tibite 44, the spines very little if at all developed; hind tarsi about 7, without 
evident spines; claws with a single tooth beneath. Black, as preserved, but possibly 
originally metallic; wings subhyaline, with a large diffused cloud extending from 
the marginal to the apical part of the third discoidal cell. Prothorax with strije; 
metathorax with transverse stria*; petiole of abdomen 2 mm. long or slightly more, 
rather thick, rest of abdomen oval, short. Antennae not preserved. 

Venation nonnal, with slight exceptions The marginal cell extends conspicu^ 
rmftly heymd the third submarginal; the second siibmarginal is narrow, higher than 
broad, and receives both recurrent nervures, but the second at extreme apex; the 
(second recurrent nen'ure is arched, and the outer lower comer of the third discoidal 
cell IS not produced, but forms an obtuse angle vnthin. The characters italicised may 
be regarded as primitive, that is, us approaching the more nonnal type of venation 
for the aculeate Hymenoptera. * 

The following wing measurements arc in «:— 

Length of marginal cell.2516. 


Breadth . ... 680. 

Depth of stigma “. 340. 

Marginal cell beyond level of af>ex of third .s. m. about 306. 

Third s. m. on marginal . ... . . 680. 

Second “ . . . . 357. 

First . ... 561. 

“ “ basal nervure . . ... 357. 

Total length of first s. m. . . ... 2550. 

Lower side of second s. m. . . . 680, 

First r. n. joining .second s. m. about 240 from base; second joining at extreme 
apex, practically meeting second t. c. 

Basal nervure fallii^ alwut 153 /t short of transverse-medial. 


Tlte venation is not very unlike that of Hoplimo sepulius, also fossil at 
Florissant, but it will be easily distinguished by the form of the second sub- 
marginal cell. From Ceropaliies, the pre.sent iasect is easily known by the 
character of the region of the basal nervure. The low^r section of the b. n. 
in C, morivum is many times longer than the up})er, as is normal for the genus. 

Kohl makes Chalybum a mere group of Sceliphron, The evidence of its 
antiquity herewith presented may be regarded as favoring its validity as a 
genus. 

Station 14; one very good example. 
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Chrysidid®* 

Ohrysis rohwari sp. nov. 

Robust, of ordinary size and fonn, with the normal venation (very well pre¬ 
served) of the genus; apex of abdomen broadly truncate, the edge slightly concave. 
Length about 6 mm.; anterior wing 4. The wings hyaline, with dark nervures; 
marginal cell rather narrow, the bend of the marginal nervure hardly perceptible, 
the curve of the nervure not far from uniform; thorax and first abdominal segment 
with very strong large punctures (preserved as raised warts), about eight in a 
straight line transversely between the parapsidal grooves, about six in a straight 
line from anterior to posterior margin of scutellum, those on scutellum and meta¬ 
thorax somewhat larger than those on mesothorax and first abdominal segment; 
on the apical half of the first abdominal segment the punctures are weaker, and the 
rest of the abdomen is merely finely roughened. 

Florissant, Station 14, June, 1907 (S. A. Rohwer). 

Type in American Museum of Natural History. 
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Articto XXV.- SOME COLEOPTERA AND ARACHNIDA FROM 
FLORISSANT, COLORADO. 

By T. D. a. Cockerell. 

On previous occasions {cf. Bull. Am. Mus. Nat. Hist., XXII, p. 420) 
attention has been called to the fact that Florissant, notwithstanding its 
high altitude (about 8000 ft.), is rich in austral elements. It must be con¬ 
sidered to belong to the upper part of the Transition Zone rather than to the 
Canadian. In 1906 I was able to collect small series of beetles and spiders, 
which have been very kindly determined by Messrs. H. C. Fall and N. Banks 
respectively; and it is thought worth while to present the lists herewith, 
owing to their bearing on the zonal position of Florissant. I have given 
particulars of the distribution elsew here in the State of most of the species, 
and it will be seen at once that the great majority reach the edge of the plains, 
— that is, go practically to the lower limit of the Transition, as at Fort 
Collins, Denver, Colorado Springs, etc. Some, while ranging downwards 
to Buena Vista, etc., seem, like the plant Hymenoxys, to belong to the west 
side of the front range in the latitude of Florissant. 

The asterisks before the names of the families and genera indicate that 
these have been found fossil in the shales. 


COLEOPTERA. 


♦Carabid.f.. 

’*'Bembidiam bifossulatom Lee. Colorado Springs, Denver, etc. 

Bembidium bimaculatom Kid^y, Apparently a Canadian Zone species, but 
dowm to Buena Vista. 

Bembidium lucldom Lee. Colorado Springs, etc. 

Bembidium foBcicnim Mots. Salida, Buena Vista, etc. 

^Platynni errans Say, var. Salida, Buena Vista and South Park. 

FUtynui cupreus Lee. South Park and San Luis Valley. 

LebU viridis Say. Colorado Springs, etc. Extends to Guatemala. 

Lebia scapularis Dej. San Luis Valley. 

Cymindis planipeimis Lee. Denver, Colorado Springs, etc. I have taken it at 
Boulder. 

f^Harpaltts amputatos Say. Denver, etc. 

Harpalua furtivas Lee. Manitou, etc. 
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♦Dytiscid^, 

Hydroporufl rivalis Gyll. I did not take this, but Florissant is the type locality 
of the var. eongruus i>c. (Bull. Hayden Surv., IV, 452). 

*'‘Agabiui strigulosus Lee. Florissant is the type locality of var. nanus Lee. 
Colymbetes sculptilis Harr. Fort Garland. 

♦Hydrophilid.b. 

Berosus infoscatus Lee. PreWously known vaguely from Colorado.” 
Laccobius agilis Rai^d. is recorded by Wickham from Florissant. 

♦SiLPHIDiE. 

’"Silpha ramosa Say, near Denver, etc. 

*»Staphylinid.e. 

*i‘Qaediu8 ezplanatus Lee. New to Colorado. 

♦CbcCINELLlD^.. 

Hippodamia parenthesis Say. Denver, etc. 

Coccinella transversoguttata Fab. Fort ('ollias, etc. 

Helesius nigripennis Lee. Florissant is the type locality (Bull. Hayden Surv, 
IV, 453). 

Cr YPTOPH AG ID.E. 

Antherophagus pallidivestis Csy. New to Colorado. 

♦Dermestidas. 

Orphilus ater Fr. Halfway House, Pike’s Peak. 

♦HiSTERIDjE. 

Saprinus oregonensis Lee. Colorado Springs, etc. 

*Nitidulid,e. 

Meligethes mutatus Har. Colorado Springs, etc. 

♦ELATERIDiB. 

Hemicrepidius, probably new. 

♦Buprestidab. 

Chalcophora angulicoUis Lee. Fort Collins, etc. 

Buprestis consularis Gory. Colorado Springs, etc. 

♦Lampyridad. 

Telephorus lineola Fa&r.? 

Telephorus alticola Lee. The only other Colorado record is Garland. 

Malthodes furdfer Lee. Veta Pass. 
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Lbftnia lenllis Lee, Colorado Springs, etc. 

Fitudalloilji i^nmbeus Lee, Beaver Brook, 6390 ft. 

’•Cleridjb. 

Hydnocera labfasciata Lee. Colorado Springs, etc. 

♦SCARABiEID^B. 

Canihon praticola Lee. Colorado Springs, etc. 

Canthon ^plex Lee. 

▲phodiut hamatiis Say. Buena Vista, etc. 

Aphodius fimetaritti L, I have taken it at Boulder. 

♦CEttAMBYCIDiB. 

Phymatodes dimidiatoi Kirby. Usually at high altitudes. 
Neoclytui rnttiicatoloi Kirby. Fort Collins, etc. 

AemsBopi prataniit Laich. Colorado Springs, etc. 
Tetraopes canesceni Lee. Colorado Springs, etc. 


♦Chrysomcmd^. 

Coicinoptera vittigera Lee. Colorado Springs, etc. I have taken it at Boulder. 
Plagiodera n. sp.? Also occurs in New Mexico. 

Qalemealla decora Say. Colorado Springs, etc. 

Phyllobrotica decorata Say. Ft. Collin.s, near Boulder, etc. 

Luperodei n. sp. 

Chatoenema sp. 

♦BflUCKIOiE, 

BmehttS fraterculoa Hem. I have taken it at Boulder. 


Blapetinui sp. 

Lecontia ditdooUii Lee. 


♦Texebrionid.®, 

Pythid.®. 
Fort Collins, etc. 


♦Mordelud.®. 

Anaipis rnla Say. Colorado Springs, etc., but usually at high altitudes. I took 
it at Ward, 9000 ft. 

MordeUa ecalellaiil Fab, Colorado Springs, etc., but goes to high altitudes. 


♦Meloid®. 

Kemognatha lulea Lee. Colorado Springs, etc. 
l^eanta maenlata Say. Colorado Springs, etc. 
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♦CURCULIONID^. 

Hyperodea sp. 

^Cleonua frandirostru Qsy. New to Colorado; it has been found in New Mexico. 
Pxdgodefl sp. apparently new. “ Our only species of the genus is setosus, described 
long ago from Texas. The description applies well to this, except that this lacks 
the erect setae completely.” (H. C. Fall.) 

ARACHNIDA. 

PHOLCIOiE. 

Psilochoros puUulus Henfz. Ft. Collins, etc. 

♦DilASSlDiE, 

Micaria peifecta Banks. Ft. Collins. 

Micaria montana Emert.. or jWsSsibly new. “ It agrees very well with N. H. sped* 
mens, but is paler; cT might show specific differences” (N. Banks). New to Colorado. 

♦CLXTBIOXIDiE. 

Castaneira deacripta Hentz. New to Colorado. 

♦Theriditd.®. 

lithyphantea coroUatua Koch. Fort Collins, etc., bat also as high as Leadville. 

*EPEIRlD.fS. 

♦Tetragnatha laboriosa Hentz. Fort Collins, etc. 

♦Thomisid.*:. 

Xjaticua nigromaculatua Keys. Fort Collins. A rare species. 

Oxyptila conapurcata Thor. Fort Collins, etc. 

Bliaumena 7atla Clerk. Fort Collins, etc. 

Philodroxnua aureolua Walck. Fort Collins, etc. 

Lycosid^. 

Pardoaa glacialia Thor. New to Colorado. 

♦PHALANGIDA.^ 

Homolophua bicepa Thor. Fort Collins, etc. 

PSEUDOSCORPIONIDA. 

OUaiuin sp., probably new. Genus new to Colorado. 


1 No fossil Phalangici has been reported, but Leptobums atavus Okll. was found in 1906, 
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ACARINA. 

Ttombidiam Say. Fort Collins, etc. 

ActUieda Banks, Fort Collins. 

Ebjncolophoi Foboftiif Banks, Type locality is Fort CoUinB. 

Phyllocoptei popuU. In galls (shallow subcircular cavities with thickened hairs) 
on leaves of Populus trermdoides. Mr. Banks says the galls and mites agree with 
this European species, hut he has no European specimens of the mites. 

Three Diptera new to Colorado were determined by Mr. Coquillett; 
Tersesthes iorrens Townsend, from Lake George June 18; and Scatopse 
notatu L. and PsUocephala munda Loew, from Florissant. The bug Dicy- 
phus caliJomiciLs St&l was taken at Florissant July 3, and determined by 
M. Heidemann. The Coocid Erium lichiemioides (Ckll.) was common on 
Artemisia. 
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Artlcto XXVI,—REMARKS ON AND DESCRIPTIONS OF NEW 
FOSSIL UNIONIDiE FROM THE LARAMIE CLAYS 
OF MONTANA. 

By R. P. Whitfield, 

Plates XXXVIII^XLIL 

The few species of Unio included in this article are from the Laramie 
clays, 130 miles northwest of Miles City, Montana, from a bed located about 
180 feet above the Fort Pierre shales, and consequently well above the 
recognizsed Cretaceous horizon. 

The shells are fairly well preserved and retain the nacreous coloring to a 
great extent, though the outer epidermal coating is usually absent and not 
infrequently the prismatic outer layer is partly absent or frequently crumbles 
on being washed. The clay beds in which they are found are horizontal, 
and usually undisturbed, except by the w’eathering and washing consequent 
upon tlie weathering. 

These shells are from near the same locality as the six species described 
in Volume XIX of this Bulletin (pp. 483-487), but come from a somewhat 
higher level above the Pierre, being at about 400 feet above the shale. 
Among those previously descril)ed, three of the species so closely resemble 
living s|)ecies known from the western river water-shed, that I gave them 
names indicating these resemblances. In this lot occur four others that 
have similar resemblances, namely, U. hicssopoides from 17. CBsopoides of the 
first lot, differing from it in having a double line of nodes along the umbonal 
slojK', instead of only one. The others resemble respectively U. pyramidaim, 
U, rylindrmis, U, cornutus and IJ. gibbom^. 

Among other sfiecies common in the same localities and clays one of the 
most abundant forms is usually referred to U. danw Meek and Hayden but 
which I think is much more closely allied to Unio gibbosus Barnes, of the 
Ohio and Mississippi Rivers. It differs materially from Meek’s figures of 
U. danw, in not possessing the radiating striae shown quite conspicuously 
there as given in Vol. IX, (Jeol. Surv’. Territories, pi. 41, figs. 3a and 3c, but 
do not appear on C. A. White’s fig. 2a, plate 27, Contributions to Palaeont., 
1880, but do appear on those copied from Meek’s in Wliite’s, 'Non Marine 
Mollusca’, Third Ann. Rept. U. S. Grf^ol. Surv., 1881-82, pi. 17, figs. 1 and 2, 
but again do not on those given on pi. 18, figs. 1 and 2. 

These Laramie shells from this Montana locality, are so closely similar 
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to those from the Ohio River localities that I propose to designate them by the 
name TJ. gibbosoides. 

Considering all the similarities between these Laramie fossils and their 
representative species in the Mississippi and Ohio water-sheds, I venture 
to state that these further western waters of the Laramie times were the 
original home of much of the Unix) fauna of these more eastern recent local¬ 
ities. 

From this locality, 130 miles northwest of Miles City, Montana, we have 
the following species, represented by closely allied forms, some of them so 
nearly like the living species, that it would do but little violence to specific 
features, to state they were the same, namely: 


Unio cBsopiformis resembles U, msojnis Green. 


Unio letsoni 
Unio cylindricoides 
Unio gibbosoides 
Unio pyramidatoides 
Unio refusoides 
Unio verucosiformis 


U, comutus Barnes. 
U, cylindrimi^ Say. 

U, gibbosus Barnes. 
U. pyramidaim I^a. 
U, retusus Lam. 

U, vemicosus Barnes. 


Unio biesopoides, n. sp. 

Plate XL Fig* 7, and Plate XLI, Fig. 8. 

Shells like those of V. cesopoides in all essential particulars, internal and external; 
except that it presents two distinct lines of nodes leading from near the beaks back¬ 
wards to the posterior basal angle instead of only a single line of nodes as also in the 
recent or living species U, wsopus, the second line being on the umbonal angle. 

Locality and formation, — Laramie beds, 130 miles northwest of Miles 
City, Montana, 180 feet above Pierre shales. Barnum Brown, collector. 


Unio p 3 n:axmdatoide 8 n. sp. 

Plate XLI, Figs. 1-5. 

Shell somewhat resembling the living U, pyramidcUiLs in general features, but 
more erect, narrow^er across the body of the shell, in an anterior-posterior direction, 
and without the sulcus on the posterior umbonal slope; or at least having it less 
developed or very narrow and shallow, while the posterior margin is flattened and 
the umbonal ridge decidedly angular and often subcarinate; the lunule being quite 
small or usually nearly obsolete, and the beaks, when not eroded, show a decided 
zigzag or doubly V-shaped system of corrugation. Internally the shells are remark¬ 
ably heavy and thickened, making the teeth and all internal features even larger 
and proportionally thicker and deeper than in the living representative species. 
The posterior lateral teeth are usually more curved. 
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Locality and formation .— Laramie beds, 130 miles northwest of Miles 
City, Montana, 180 feet above Pierre shales. Barnum Brown, collector. 

Unio pyramidellus n. sp. 

Plate XL, Figs. 3 and 4. 

Shell small, very erect, from beak to base, and mostly less than one and one 
fourth inches high; disc of the valves rather depressed convex, with a slight sulcus 
crossing from the beak to the posterior angle quite near the posterior margin. Beak 
proportionally heavy, tumid, directed forward; anterior margin slightly concave, 
posterior margin slightly convex, basal margin broadly rounded. Internal features 
thickened, hinge plate and lateral tooth in the right valve large, the plate broad and 
slightly concave in the best preserved valve, and the lateral tooth much curved and 
thickened. Cardinal tooth triangular, proportionately large, cuneiform above, below 
divided by three vertical grooves, the socket having four ridges to fit against the 
large tooth of the opposite valve. Anterior muscular impression small, but deep, 
the secondary small and shallow, close to the former. Posterior impression long, 
narrow^ and moderately distinct. Surface of the disc smooth except for distinct 
growth lines. 

The shells are poorly preserved and mostly much distorted by compres- 
sion, but all show a much bent liinge plate and strong teeth, the cardinal 
tooth being low down near the middle of the anterior border, and the long 
lateral tooth and posterior scar extending below the middle of the height. 

Locality and formatwn .— Laramie beds, 130 miles northwest of Miles 
City, Montana, 80 feet above Fort Pierre shales. Barnum Brown, collector. 


Unio gibbosoides n. sp. 

Plate XL, Figs. 1 and 2. 

Shell transverse, compressed, much wider than high, and resembling in nearly 
all respects U, gibbosus of Barnes, as it occurs in the Ohio and Mississippi Rivers 
at the present time, both externally and internally. 

It has been commonly referred to as U. dance Meek & Hayden which it 
closely resembles, but it never shows the radiating striae which that species 
quite generally does, passing obliquely backward across the valves from the 
beaks to the basal boarder along the depressed middle portion of the valves. 
In most other respects the tw^o species are closely allied. 

Locally and position .— In Laramie Clay, about 120 feet above Pierre 
shales, on Snow Creek, on the Missouri River, in Montana. 
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Unio Bubtrigonalis n. sp. 

Plate XL, Figs. 5 and 6. 

Shells small, triangular, ventricose cuneate, pointed behind, seldom exceeding 
an inch and an eighth in an anterior and posterior line, sharp and subangular on the 
umbonal ridge, with a nearly vertical posterior slope, which is slightly sulcated in 
front of the umbonal ridge; otherwise the disc is smooth or marked only by growth 
lines; base broadly rounded; beaks anterior, moderately heavy. On the interior 
the hinge plate is abruptly bent at some distance behind the beak, and the lateral 
teeth are thin and erect, while the cardinals are heavy and much corrugated. An¬ 
terior muscular imprint small l)ut moderately deep, the iwsterior scar elongate, 
faintly marked and situated on the inside of the vertical cardinal slope. 

The species is exceedingly like CorhicuUi suhtrigonalis C. A. White, 
externally; but is decidedly and unmistakably a Unio, and not a Corbicula, 

Locality and formation .— In Laramie ferruginous marls, 130 miles north¬ 
west of Miles City, Montana, 80 feet above Pierre shales. Barnum Brown, 
collector. 


Unio cylmdricoides n. sp. 

Plate XXXVIII, Figs. 1-7; Plate XXXIX, Figs. 1-3. 

Shell attaining a moderately large size, the adult shell being fully as large as 
full-growm specimens of the living U. cylindricus, which it resembles in size, form 
and general features, except in lacking the characteristic sculpturing of the surface. 
The largest individual in the collection 'was, when entire, fully four and one fourth 
inches in length. The .shells are externally decidedly elongate-rhombic, much 
swollen along the umbonal ridge, w hich is sometimes quite angular. The beaks are 
enrolled and placed well forward, but not terminal, the outline of the figure being 
highest below^ the middle of the height anteriorly, while the living form is generally 
highest centrally. Posteriorly the reverse is the general rule in the fossil fonn, 
highest above the center and sharply rounded. The middle of the disc is broadly 
sulcated from the beaks to the basal margin, the sulcus covering the entire middle 
third of the shell. 

No surface sculpturing exists on the larger specimens, but on the young 
and medium sized individuals, there is a system of raised ridges indicating 
or foreshadowing all of the markings of the li\ing examples of U, oylin- 
dricus, except the nodes on or near the umbonal ridge, posteriorly to the end 
of the shell. 

Internally all the features of the living form are present and so closely 
similar that it seems unnecessary to recapitulate them. 

Locality and formation .— In muddy shales of the Laramie formation, 
130 miles northwest of Miles City, Montana, 180 feet above Pierre shales. 
Barnum Brown, collector. 
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XJsio letsoni n. sp. 

Plate XLII, Figs. 1-4. 

Shell rather below medium size for the genus, circular or broadly transversely 
oval in outline, and quite ventricose, but not globular. Beaks moderately large, 
nearly central, slightly oblique and but little enrolled. Surface of the shells highly 
ornamented except on the antero-basal quadrant, where there are only strong 
concentric lines of growth. Along the center of the valves from beak to base, there 
runs a line of strong heavy nodes usually numbering four on adult shells, where 
the height from beak to base will be alK)ut or a little more than one and a half inches, 
or nearly four cm. where the transdiameter, from anterior to posterior of the out¬ 
line will be about, or over, four and a half cm., or somewhat more than one and three- 
fourths inches. Posterior to the median line of nodes and on the umbonal third 
of the shell there is always a double set of oblique depressed lines which give to this 
part of the shell the structure of a very coarse file. On the posterior half of the shell 
there is a system of oblique undulations or plicse, which extends from the posterior 
side of the median line of nodes, graduidly turning backwards and extending to the 
posterior margin of the valve and to the cardinal and basal edges of the shell, grow¬ 
ing larger with the increasing growth of the valve. On the larger valve figured, 
these plications are sixteen in number, those of the beak portion being quite small 
and strongly curved towards the hinge. Betw'een this set of markings and the 
central ridge there is usually another set of small ridges running between the start¬ 
ing of the |:>osterior plicae and the central ridge, passing from the ends of the posterior 
ridge towards the anterior basal border and fonning with the posterior plicse a series 
of very acute angles. These acute-angled ridges are most distinct on young indi\’id- 
uals, often becoming faint from erosion on the older ones. On a single young 
individual of about an inch in height, there occur two small accessory nodes on each 
side of what w^ould be the second node of the line on larger specimens. 

Interiorly the valves are deep, and of a brow^nish pearly color. The cardinal 
teeth are w'ell developed, the hinge plate wide, the laterals curved and moderately 
high, and the space between the cardinals and the laterals somewhat flattened. The 
muscular scars are distinct and rather deep. 

Locality and fomation. — Laramie beds, 180 feet above Pierre shales, 
lt30 miles northwest of Miles City, Montana. Barnum Brown, collector. 

This species in many of its features somewhat closely resembles or 
typifies ( 7 . comutus Barnes of the Mississippi and Ohio water-sheds, and 
forms another species with closely related resemblances. The species is 
named in honor Dr. E. J. Letson, the eminent conchologist in charge of the 
Collection of the Buffalo Society of Natural History, Buffalo, N. Y. 

XTnio corbiculoideB n. sp. 

Plate XLI, Figs. 6 .and 7. 

Shell small, rather below the average of the genus, subcircular in outline, ventri¬ 
cose, smooth, except for growth lines and two faint ridges shown on the posterior 



628 


BvUdin American Mvmim of Natural History, [Vol. XXIII, 


cardinal slope and so o])scure as to readily escape observation. A few faint corru¬ 
gations arc seen on the posterior suilace of the b(^aks. Length of the shell, from 
the anterior to the jx)stcrior margin, slightly exceeding the height from beak to base. 
Posterior margin sliglitly flattened ^ertically, \\hich on single valves has a tendency 
to give a somewhat subquadrangular outline, scarcely perceptible on the uncom¬ 
pressed shell. Luiiular space deeply sunken, narrow, but very marked and dis- 
dinct; ligament al area deep, sharply margined. Beaks tumid when not eroded, 
faintly corrugated 

Interiorly the hinge jrlate is strongly bent, the lateral teeth cur\cd, the cardinals 
strong and proportionally heavy, none of them have these features well enough 
preserved to present details. Muscular scars faint and the shells rather thin. 

LnraJifff and formation .— Laramie group, 130 iiilles northwest of Miles 
City, Montana, 80 ieet abov(* Pierre shales Barniim Brown, collector 



EXPLANATION OF PLATE XXXVIII. 

ITnio CYLiNDKiooiDEB n. sp. Page 026. 

Fig. 1. View of the left valve, natural size, preserving a patch of the outside 
shell. 

Fig. 2. Cardinal view of another specimen, natural size. The anterior end of 
the right valve is considerably broken. This shell probably l>eing a female is much 
more ventricose than the other. 

Fig. 3. Cardinal view of a male shell. The shell has mostly lost the outer 
prismatic layer. 

Figs. 4-7. Views of four shells of different sizes or ages, on which the natural 
sculpturing is more or less preserved, but is not fully shown, as the photographs 
fail to show them. On the uml)onal ridge the line of nodes was expected to be 
visible but is not. 









EXPLANATK^N OF PLATE XXXIX. 


Unio CYL1NDUOCOIDE8 n. Bp. Page 626. 

Fig. 1, Ij«ft valve of the specimen shown in Plate XXXVIII, Fig. 2, natural 
Rize, shomng the difference in what is supposed to represent a female form of the 
species; compare with Figs. 1 and 3, Plate XXXVIII. The outside of the shell has 
the surface more or less destroyed by decay. 

Figs. 2 and 3. Views of the interior of the valves, right and left, of the same 
specimen represented in Fig. 1, where the outline is more or less restored. The hgures 
show the teeth and muscular scars. Fig. 2 contained a partial cast of black chert 
when the photograph was made hut which was subsequently removed. 
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EXPLANATION OF PLATE XL. 


t'Vio GiBBosoiDEs li. 8p. Page 625. 

Fig. 1. Outside view, natural size, of an entire right valve, showing the general 
features. 

F'ig. 2. View of the interior of another and slightly smaller valve. 

Unio pyKA-MroELLiTH n. sp. Page 625. 

Fig. 3. Exterior, natural size. 

Fig. 4. Interior of the same specimen, natural size. 

Unio subtukionalts n. sp. Page 620. 

Fig. 5. Exterior view, natural size, of a very perfect valve. 

Fig. 6. Interior view, natural size, the same valve. 

Unio BinEsopoipRa, n. sp. Page 624. 

Fig. 7. Interior view, natural size, of a nearly perfect large valve. For exterior 
view' see Plate XLI, Fig. 8. 
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Voi. XXIII, Plate XL. 
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EXPLANATION OF PLATE XLI. 


ITnio pyramidatoides n. sp. Page 624. 

Fig. 1. Exterior view, naf ural size, of a left valve showing the general features 
of a narrow form of the species, and the corrugated beak. 

Fig. 2. Posterior view of the same, showing the Battened posterior side and 
ligamental area. 

Fig. 3. Interior of a small valve of the species. 

Fig. 4, Interior of a left valve showing the very heavy cardinal tooth and thick 
lateral tooth. 

Fig. 6. Interior of a right valve of a larger individutd showing the heavy cardi¬ 
nal tooth and the lateral with its corrugated ridge. This figure is of a somewhat 
broader fonn than the others, but not m broad as some. The last three Bgures are 
from photographs and do not show the features intended to be sliowm. 

XIntio ooRBK’iTixuDEs n. sp. Page 627. 

Figs. 6 and 7. Tw'o views, natural size, of the only perfect individual of the 
species preserving the rotundity as well as all the markings of the species. 

Unio biesopoidrh n. sp. Page 624. 

Fig. 8. View, natural size, of the exterior of a large entire valve, showing the 
double row of tubercles which characterize the species. 




NkW ImiSML rMONin.K. 







EXPLANATION OF PLATE XLII. 


Unio LET 80 NI D. sp. Page 627. 

Fig. 1. View of a young individual entirely covered by the corrugations of 
the beak portion and only showing two of the central lines of nodes. 

Fig. 2. A somewhat older specimen showing three nodes on a line at the center. 
Perhaps only an abnormal feature. 

Fig. 3. View of an alihost adult valve showing idl the prevailing features of 
the species, including the central line of nodes which allies it to IT. comtitos. 

Fig. 4. View of another and opposite valve showing four central nodes but 
much smaller in size; the third is only partially formed and marginal. 

Unio verrucosifobmis WhUf , 

See Bull. Amer, Mus. Nat. Hist., Vol. XIX, p. 484, pi. xl, fig. 10. 

Fig. 5. View of a medium^sized specimen, introduced to correct and explain 
the imperfect figure in the previous volume of this Bulletin. 

Pig. 6. View of the inside of the same valve. 

This species has proved to be quite abundant and fairly well preserved, whereas 
those in the collections of previous expeditions were very poor and scarce, and the 
one figured was the best obtained at that time. The shell is very rotund and the 
nodes and plications of the surface are distinct and often well ^own. 
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Article XXVU. —THE NORTH AMERICAN SPECIES OF RHO- 
I)m^:s AND THEIR GALLS. 

By William Beutenmuller. 

Plates XLIII-XLVII. 

Tiie object of the present paper is to bring together the known North 
American species belonging to the genus RJwdites in conjunction with what 
has been learned by personal observation and study. 

The study of some western species has presented several difficulties 
owing to the want of sufficient material and field notes, and with the limited 
information at hand, I must frankly admit that it was not possible for me 
to bring this paper up to the proper standard of completeness, for the follow¬ 
ing reasons: The gall of IVuKliies poliim Ashmead is identical with that of 
Rhodites iiebulo.^us Bassett, while the descriptions of the adults of these two 
species do not tally, and 1 consider it very likely that they are the same. 
Wwdiivs muUhpinofius (jillette, when we have more knowledge of this species, 
may possibly prove to be the same as Khoditcff ivbo'culafor Cockerell, and 
Rbodites arefaefus Gillette the same as Rhodites tumidus Bassett; on the 
other hand, it may be possible that /?, mulihpinomSy R, tnmidiis, R. arefachis 
and R. iuberculalor are all one and the same species. But, owing to the 
want of conclusive evidence, I have preferred to consider these species as 
being distinct, rather than to unite them. I trust that the future students, 
located in the western States, will collect intelligently and look up the knotty 
points. The s})ecies of roses upon which the western species of Rhodifes 
occur are practically unknown, and I would urge that all students of this 
genus, as well as of other gall-])riKlucing insects, pay particular attention 
to the identification of the host plants before publishing any notes or de¬ 
scriptions of new'SiK^cies,and to work out the imperfectly known food-habits 
of such species as are already known. 

All the species of Rlwdiies known at present produce galls on different 
kinds of roses, and it seems that the genus is strictly confined to these plants. 
Twenty-nine species have been de.scribed, of which twenty art' from North 
America, eight from Eurojx; — four of which arc also found in west€a*n 
Asia, and one species (J?. japonvnu^) is known from Japan. Rhodiies 
rosce is common to Europe, Western Asia and North America, while the 
remaining species are confinetl to their respective countries. 
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The genus Rhodites was anal}i;ically described by Hartig in 1840 as 
follows: "‘Antennffi 15-16 jointed, maxillary palpi 4-jointed, labial palpi 
2-jointed/' The genus was erected for three European species, R. rosoe, R, 
eglanterice and R, centijoliae. Osten Sacken in 18(33 gave a general descrip¬ 
tion of Rhodites and added certain characters not mentioned by Hartig. 
Osten Sacken states that he has never found more than 14 joints on the 
antennae in both sexes. Mayr in 1881, and Dalla Torre and Kielfer in 
1902 gave excellent technical descriptions of the genus Rlwdites. Walsh 
in 1864 erected the genus Trihalia for T, batatomm which is now considered 
to be the same as Rhodites radicum O. S. In 1860 Forster erected the 
genus Hohlexis for Hololexis rufipes (n. sp.), bred from monothalainous 
galls on wild rose. It is closely allied to Rhodites eglanteriw^ which he con¬ 
sidered a true Hololexis. Dr. Gustav Mayr, in 1881, united Hololexis 
with Rhodites with which conclusion I fully concur, because Forster’s d<*- 
scriptionof Hololexis docs not differ from that of Rhodites. In 1902 Kieffer 
erected the genus Li/to rhodites, for the following North American specie's: 
R. arefnctiis, R. fnUjens, R. mult ispino.su s, R. nel/tilosiis, R. neglect us, and 
R. tuhcrculosus O. S. The genus Lt/torhodife.s differs from Rhodites only 
by having the radial cell at the margin more or less open and the scutellum 
without fovea' at the base. I consider these characters too trivial to be us(*d 
for the erection of a new genus. Ashmead (Psyche, Vol. X, 1903, p. 210) 
erroneously states that the genus Trihalia has been ri'christened by Al)h6 
Kieffer under the name Lytorhodites. I have omitted Rlwdites glohosus 
Cockerell (Entomologist, Vol. XXIll, 1890, p. 75), because it was de¬ 
scribed from the gall only. I have seen the type in the United Stales 
National Museum and it appears to me to be nothing more than a small 
specimen of Rhodites poUfus Ashmead. 

For specimens and information I am und(‘r obligation to Messrs. C. P. 
Gillette, Win. H. Ashmead, A. D. Hopkins, Win. M. Wheeler, E. B. 
Southwick, Wm. T. Davis, Mel. T. Cook, T. D. A. Cockerell, IT. E. 
Summers, INL T. Thomjison, A. L. Alelander and C. ’'J\ Brues. 


Synopsis of the G.ylls of IIhodites. 

1 .— Galls on the leaves. 

Round, elongate or reniforni woody galls covered with a white powder 

Rhodites ‘lynotus. 

Shape similar to ignotns, brown or reddish, without white pow’der 

Rhodites variabiHs. 

Lentil-shaped discs in the parenchyma of the leaf . I Rhodites rosarfolii. 

Rhodites lenticularis. 
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Small, globular, hollow, \^ith weak, minute spinules . 

Subovate, hollow^ flat on top, with short blunt tubercles around the edge 

Rhodites gracilis, 

2 .— Galls on the branches or stems. 

An agglomeration of hard cells around a branch, covered with long green moss¬ 
like filaments ........ Rhodites rosce. 

Elongate, woody swellings of the branch, tapering at each end 

Rhodites dichlocerus. 

Globular galls covered with long sharp prickles, usually in clusters 

Rhodites hieolor, 

I,.arge, rounded, woody galls, without spines R, tid>errulalor. 

Large, rounded galls, densely covered with spines . Rhodites muUispinosm, 
Small, rounded or elongate w oody swellings, more or less in a row' on the branch 

Rhodites vernus. 

Hounded, elongate, puffy, soft swellings, single or several in a row' 

Rhodites fusijormanst 


Rhodites nebulosity, 
Rhodites politua. 


Hard, rounded, woody, bud-like galls on a short stalk 


Rhodites arejactus, 
Rhodites himidus. 


Smooth, rounded, or reniform swellings surrounding a twig, abrupt at each end 

Rhodites ghhuUndes, 

Smooth, with two or more transverse ridges, rounded or elongate sw'ellings 

abnipt at each end. Rhodites negketus, 

3.— Cl alls on the roots. 

Hounded, warty, toniato-shai>ed or artichokc-tuber-like, attached on a short 

stalk .. Rhodites radu'um. 

Similar to R, rodteuw, but with the top and sides deeply incised, rosette-like 

Rhodites utahensis. 

Hard woody nodules, .single or more or less coalescing . Rhodites fulgens. 


Rhodites Hartig. 

Cynips (part) Li.nm';, Syst. Xat.. ed, X, 1758. Vol. I, p. 553. 

Diplolepis (part) Foi’hcuov, Ent. Paris, \'ol. II, 1785, p. 391. 

Rhodites Hartig, Zeitschr. fur Knt, Germar, Vol. II. 1840, p. 180; Ostex Sackex, 
Proc. lOnt Soc. Phil., \'ol. 11. 1803. p. 44; Mayr. 20 Jahrb. C'omm. Ober- 
realsch., I. Hez. Wien., 1881, pp. 4. 10, 18; Provancher, Fauna Ent. C^an., 
Vol. II, 1889, p. 159; Dalla Torre and Kieffer, Ins. Gen. H>nnen. Fain. 
Gynip.,1902, pp. 44, *18 and 78; Ashmead, Psyche, Vol. X. 1903, p. 210, 
Trihalia Wai^sii, I’roc. Knt. Soc. Phil., Vol. II, 1864, p. 470; Kieffer, Bull. Soc. 
Hist. Nat. Metz, 2d ser., Vol. X. 1902, p. 96; Dalla Torre and Kieffer, 
Gen. Insect. Hymen. C'ynip., 1902, pp. 47, 76; Ashmead, Psyche, Vol. X, 1903, 

p. 210. 

Hololexis FOrster, Verh. Zool.-Bot. Gesell. Wien, Vol. XIX. 1869, pp. 330 and 333; 
Matr, 20 Jahrb. Comm. Oberrcalsch, I, Bez., Wien, 1881, p. 18; Dalla Torre 
and Kieffer, Gen. Ins. HjTnen. Fam. Cynip., 1902, p. 78. 

Lytorhodites Kieffer, Bull. Soc. Hist. Nat. Metz, 2d ser., Vol. X. 1902. p. 96; Dai.la 
Torre and Kieffer, Gen. Ins. Hymen. Fam. C’^iip., 1902, pp. 44, 48, 79. 
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Head large, broader than the thorax; maxillary palpi 4-jointed, first long, 
almost twice as long as the second; second and third joints of equal size and rounded 
at one side; fourth joint as long as the first and conical, with a few setflc. Labial 
palpi 2-jointed, first joint elongate, parallel, second joint as long as the first, conical, 
with a number of setae. Antennae filiform, first and second joints globose or subglo- 
bose, second joint shorter than the first, third joint longer than the two preceding, 
fourth joint shorter than the third, remaining joints s\ibequal. 

Pronotum much narrow^cd in the middle. Parapsidal grooves more or less well 
marked. Base of scutellum with or without two small pits. Radial cell closed 
or somewhat open, not lung. Tarsal elaw'.s simple. Abdomen smooth, shining. 
Hypopygium of female plow-.shaped. 

Tyfe, Cijnips rosw Linn. 

Rhodites rossB (Linn,), 

Cynips rosw Livm'., Svm. Xat.. cd. X, 1758, p. 533. 

Rhodites rosm HAiriiG, Zcitschr. fur Ent. Cerinar, Vol. II. 1S40, p. 194; Osn.x 
Sackex, Proc. Knt. Soc. Phil., Vol. II, 1863, pp. 40, 45, 47; VVausii and Riley, 
Ain. Ent., \ ol I, 1SG9, p. 166; Riley, Am. Ent., Vol. II, 1870, p. 213; Riley, 
and Fullru, Am. Knt., Vol. HI. 1880, p. 298; BA.sftETT, Proc. Am. As.‘<oc. A(h. 
Sci., 1877, p. 305; Mayr. 20 Jahrb. Communal Oherrealsch.. I, Bcz. Wien, 
1881, p. 18; Pkovaxchieh, (-an. Xat., Vol. XII. 1881, p. 231; Wlismann, 
Beitr. Kennt. Ent w ick. Iii^., 1882, p. 3, pi. i, and ii, figs. 1 -19; Ahumead, Tr. 
Am. Ent. Soc., Vol. XII, 1885. ]). 293; ibid., Vol. XIV, 1887. p. 133; Bull 1, 
Col. Biol. Assoc., 1890, p, 38; Cockerell, Entomol., Vol. XXIII. 1890, p. 75; 
BeutenmCller, Bull. Am. Mus. Xat. Hi.st.. Vol. IV. 1892, p. 248; Am. Mus. 
Journ., Vol, IV, 1904, p. 93, fig. 6; Ins. Calls Viciii. N. Y.. 1904, p. 7. fig 6; 
Bkidwfll. Trans. Kan. Ac. Sci., Vol. XVI, 1899. p. 203; Fvles, Rep. Knt. 
Soc. Out., 1904 (1905), p, 95. 

Male and female, — Head black with microscopic hairs, finely and regularly 
punctate in front, less punctate iTchind and on the vertex, jaws piceous. Antenn;e 
wholly black. Thorax black with microscopic hairs, finely and regularly punctate, 
pleurie finely rugoso-punctate with two polished areas. The two medio-dorsd 



t Rfu ) diste 8 rcscF. 1 and 2, wings; 3, underside of head, .showing maxillary and 

labial palpi; 4, abdomen. . » . 

lines from the collar fine, narrow and reaching the middle of the thorax; the median 
groove from the scutellum extends forward to almost the ends of the anterior lines. 
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Parapsidal grooves narrow, fine, not smooth, and converging as they approach the 
sciitellum, Scutellum finely rugoso-punctate. Abdomen red, posteriorly black, 
wholly black and small in the male. Legs red, femora infuscated at the base. 
Wings of female yellowish sub-hyaline, with a distinct radial cloud, extending be¬ 
yond the veins of the cell; wings of male hyaline without the radial cloud. I^ength 
of male 2 to 2.50 mm.; of female 3 to 4 mm. 

Gall (Plate XLIII, Figs. 5, 6).— Polythalamous. Composed of an agglomeration 
of hard cells around a branch, and it is densely covered with long, green filaments 
forming a moss-like mass. It measures from 25 to about 50 mm. in diameter. 
Occurs on the tenninal twigs of sweet briar {Rosa rubifjinosa and Rosa hlanda). 

Habitat'. Kuroi:>e; Western Asia; Canada; Massachusetts; Rhode Island; (New' 
ICngland States); New* York; New Jersey; Pennsylvania; Washington, D. C.; (Mid¬ 
dle States); Kansas; Colorado. 

The gall is quite common locally and is fully grown in September. When 
young it is s(»melimes bright scarlet red. In Europe it is known as the bedu- 
guar of the rose. The adults emerge in May and June. An extensive 
bibliography of this species may be found in Dalla Torre’s Catalogus Hy- 
menoptorurn, Vol. II, 1893, pp. 128-129. Mr. ^1. T. Thompson has 
taken the galls on the European Rosa rugosns and Rosa cinnamoea found 
in cultivation in Mas.sachusetts. In Europe the galls are found on ten 
species of rose.s. The type of R. rosm is probably lost. 

Rhodites bicolor {Harr.). 

Cyriips hindor Harius, Pep. In.s. Mass. Inj. Veget., 1841, p. 399; Treat. Ins New’ 
Eng. Inj. \'eget., 2d ed., 1852, p. 435; Treat. Ins. Inj. Veget. 3d ed., 1862, 
p. 548; Flint ed., 1862, p. 548; ibid., 1863; Ostex Sackex, Ent. Zeit. 

Stettin, Vol. XXII, 1861, p. 415. 

Rhodites birolor Ostex S\ckkx, Proc. Ent Soc Phil., \'ol. II, 1863, pp. 43, 45. -18, 
Riley, Am. Ent., Vol. II. 1879, p. 309. fig. 192; M.ayk, 20 Jahrb. Communal 
Ol>erreal.sch., I, Bez. Wien, 1881, p. 18; XsiiME.vn, Trans. Am. Ent. Soc. Vol. 
XII. 1885, p. 293; ibid., Vol. XIV, 1887, p. 133; Bull. 1, Col. Biol. Assoc.. 
1890. p. 38; Puovancheh, Fauna Ent. Canada, Vol. II, 18vS9, p. 160; Cocker¬ 
ell, Kntomol., \o\. XXIII, 1890, p. 75. (Iille'cte, Ent. News, Vol. Ill, 1892, 
p. 216; BectenmOllek, B\ill. Am. Mus. Nat. Hist., Vol. IV, 1892. p. 246, pi. 
ix, fig. 1; Am. Mus. Journ., Vol. IV. 1904, p. 92, fig. 1; Ins. Galls Vicin. N. Y., 
1904, p. 6, fig. 1; BttiDWKLi., Tran.s. Kan. Ac, Sc., Vol. XVI, 1899, p. 203; 
Cook, 29th Rep. Dept. Geol. &: Nat. Hist, Res. Ind. 1904 (1905), p. 816, fig. 10. 
Rhodites spinosellus Cockerell, Entomol., Vol. XXIII, 1890, p. 75; Ent. Student, 
Vol. I, 1900, p, 10. 

Rhodites tumidus Townsend, Psyche, Vol. VII, 1895, p. 272 (in error); ibid., p. 307 
(correction). 

Male and female. — Head black with very short white hairs, front roughly punc¬ 
tate, finely punctate behind, jaws rufous. Antennfe 14-jointed, black, first and 
second joints piceous or almost black in the female, wholly black in the male. Tho¬ 
rax prominently rugoso-punctate, subopaque; two smooth, parallel, shining lines 
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from the collar almost extending to the middle of the thorax; median groove from 
the scutellum long, distinct and extending forward to almost the ends of the anterior 
lines. Parapsidal grooves rather deep, distinct, converging as tliey reach the frcutel- 
lum, where they are widely separated; outside of these grooves there is sometimes 
a smooth line on each side; pleune rugoso-punctate with the usually shining area 
hardly apparent. Scutellum \-ery rugose and large. Abdomen red in the female, 
black or piceous in the male. Legs yellowish red with very short hairs. Wings 
subhyaline, yellovish brown in the female; brownish cloud on radial area distinct, 
veins brown; in the male the \\ings are hyaline without the j^ellowish tint and radial 
cloud. Length of male 2.50 to 3 mm.; of female 3.25 to 4.50 mm. 

Gall (Plate XLIIl, Figs. 1-4).— Monothalamous. Spherical, covered with many 
prickly spines as long or longer, or shorter, than the diameter of the gall. Internally 
it is hollow- w-ith the wall about 1 to 2mm. thick, })ut in sjx'cimens infested by ginvst- 
fiies, it is almost cntirelj- pithy inside. Yellowish green, sometimes tinged with 
red. Soft and fleshy in summer, woody and brown in winter. It is found singly 
or in clusters of from two to ten or more upon twigs of different kinds of wild roses 
{Bosa Carolina, R. hlanda, B. humilis, B. pisocarixi"! and ])rol)ably other sjH'cies). 
It measures from 5 to 12 mm. in diameter. 

Habitat' Canada; Maine; MavSsachusotts; Rhode Island; C'onnecticut; New York; 
New Jersey; Pennsylvania; Washington, I). C.; North Carolina; Mississippi; Wis¬ 
consin; Indiana; Colorado; Washington; New Mexico. 

The gall is quite eoiunioii in the latitude of Xew’ Y’ork, and reaeln^s 
maturity in aiitiinin. The number of sjM*eies of wild roses u])on whieli the 
galls are fornu'd will undoubtedly inema.se after a eareful study of its food- 
habits. Harris's types are ju’obably in the Boston Society of Natural History. 

Rhodites ignotus 0. 

Rhodites ifjnoto f>.sTp:x Sackex, Proe. Knt. Soc. Pliil.. \ ol. II, 1SG3. j)]). 44, 45. 4U; 
BectenmCllku, Bull. Am. Mii.s. Nat. Hist., Vol. I\', 1S02, p. 240, })1 ix. fig. 
2; Am. Mus. Journ , Vol. TV, 1U04, p. 94, fig. 7; Ins Cmlls Vicin. N. Y., 1994, 
p. 8, fig. 7. 

Rhodites caioUna A.shmkad, Trans. Am. Ent. Soc.. ^'ol. XIV. 1SS7. pp 133. 14S. 

Male and female.-- Head IJack. with micro.scoj)ic hairs, rugosely punctate in 
front, finely punctate posteriorly. Antenna* 14-joiiited, black, first and scc(»nd 
joints rufous or piceous in the female, wholly black or piceous in the niale. Thorax 
evenly rugoso-punctate, anterior line.s, median and para}>sidal grooves present, but 
very indistinct and hardly \i.sible. Pleura* rugoso-p\metate, without the usual 
shining area. Scutellum rugoso-jmnetate. Abdomen rod in the feirmle, black and 
small in the male. Legs red in both sexes. Wings subhyaline, yellowish; vedns 
dark brown with a distinct brown cloud on the radial veins with the disc hyaline. 
Wings of male hyaline with slight trace.s of the brown cloud on the radial veins. 
Length of male 1.50 to 3 mm,; of female 2.50 to 3.50 mm. 

Gall (Plate XLIII, Figs. 7-10).— Monothalamous. Ver>' variable in shai>c and 
size. Spherical, irregularly rounded, renifonn, single or more or le.ss confluent or 
two or three entirely coalesce thu.s fonning an elongated mass of irregular shajie. 
Clay brown, covered with a white farinaceous j)ow-der. Hard, woody, containing 
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a rather large larval cell in the single gall and two or more cells in the coalescent 
ones. They are formed on the terminal twigs, leaves or leaf-^stalks, and as a rule 
are found in a cluster of from two to twenty. Measures from 4 to 15 mm. in diameter. 
On wild rose {Rosa hlanda, R. nitida and R. Carolina). 

Habitat: Massachusetts; Connecticut; New York; New Jersey; Pennsylvania; 
Washington, I). C.; Black Mountains, North Carolina; Iowa. 

The types of R, ifjnotus are in the Museum of Comparative Zoology, 
(Cambridge, Mass., and one tyj^e of the gall in the American Museum of 
Natural History. 


Rhodites variabilis Bass. 

Rhoditcs variabilis liASSKTT, Trans. Am. Ent. Soc., Vol. XVII, 1890, p. 61; Cocker- 
ELL, Ent. Student, Vol. 1, 19()0, p. 10. 

Male and female. — Head large, broader than the thorax, finely punctate in front 
and on the vertex, and \\ith short microseopic hains, black, mandibles ferruginous. 
Antenrue 14-jointed, longer in the male than in the female, black in the male, with 
the first and second joints in the female ferruginous; all joints with Ycry short 
hairs. Thorax black, finely rugo‘'e with microscopic hairs, two parallel, smooth 
median lines from the collar to nearly the middle of the thorax and a very’ short 
median line from the scutellum; ])arapsulal gi’ooves not deep, finely i)unctate and 
converging as they approach the scutellum. Scutellum ntgose with micro.scopic 
hairs, somewhat depressed at it.« jun<*tion with the inc'^onotum. Abdomen yellowi.sh 
brown and somewhat darker t(»ward the end in the female, small and blackish in the 
male. Legs yellowish brown in both sexes with very minute hairs. Wings hyaline 
with dark brown veins; radial aiva finely clouded with brown in the male, slightly 
more so in the female. Length of female 2 2o to 3 mm.; of male 2 to 2.25 mm. 

(iall (Plate XIAT, Fig^ 5-9)^—Mounthalamou.s. Variable in size and shape. 
Spherical, irregularly rounded, somewhat ovate or reniform, through coalescence 
of o or more galK. Busset brown .sometimes tinged with red. Internally they 
are pithdike with a largo lar\al cell in the center. In the larger galls where two or 
more are confluent there .are .several larval celE, The galls occur \isually in a cluster 
of from two to ten (m the small terminal twigs, or are attached to the leaf sttans, 
while others grow on fully develojHxl leaves of a wild ro.se {Rosa sp.). The rounded 
forms ineaNure from about 5 to 15 mm. in diameter and the elongated fornrs from 
about 15 to 24 mm. 

Habitat: Boulder, Colorado (Mr.s. W. P. Cockerell); Southern Utah (A. H. 
Siler); Cedar Mountains, Idaho; Wcnachee, Washington; Paris, Texas; Wyoming 
(Bruner). 

This .species is closely allied to Rhodites ignoins both in the atliilts and 
the galls. The types art' in the collections of the American Entomological 
Society and the American Museum of Natural History. 

Rhodites vernus O. S. 

Cynips {Rhodites ?) tuberculosa Osten Sacken, Ent. Zeit. Stettin, ^"ol. XXII, 1861, 
p. 415. 
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Rhodites verna Ostkn Jj^ackkx, Proc. Ent. Soc. Phil,, Vol. II, 1863, pp. 41, 45, 47; 
Mayr, 20 Jahrb. Cominiinal Oberrealsch., I, Bez. Wien, 1881, j). 18; Ashmead, 
Trans. Am. Ent. 800 . Vol. XII, 1885, p. 293; ihid., Vol. XIV, 1887, p. 133; 
Beutenmi LLER, Bull. Am. Mus. Nat. Hist., Vol. IV, 1892, p. 248, pi. ix, fig. 6 ; 
Journ. Am. Mus., \’ol. 1\, 1904, p. 93, fig. 5; Insect Galls Vic. N. Y., 1904, p. 7, 

%• 5 - 

Lytorhodites tubn'cidoaus Kieiter, Bull. Soc. Nat. Hist. Metz, 2d Ser. Vol. X, 
1902, p. 97. 

Mak and fimak — Head andantenme black, mandibles reddish. Thorax black, 
finely, not densely sculj)tured. somewhat shining, pul)escent. Parapsidal grooves, 
touching the h\imeri. moderately deep. Intemicdiate grooves generally api>ear as 
smooth lines, unle.ss viewed obliquely. Seutelliim nigo.se on the sides, more smooth 
in the middle. Abdomen of male black, of female red. fringed with pale yellowish 
hairs on the hind }»orders. 'I'ifi of sheath of female brown. leet red, coxie black, 
base of femora in the female black. Wings of male hyaline, of female tinged with 
brown and with a more or less distinct cloud on the radial area and its sunoundings. 
In both sexes the second transverse vein has no projection within the radial area 
and is arcuate. Areolet moderately large in the male and larger in the female. 
Length of male 2 .r )0 mm.; of female 3.75. 

Gall (Plate XLIV, Fig 1 ) - Polythalamous. Oblong or rounded swellings on 

small branches Sometimes theie is a series of three or more swellings attached to 
each other. Keddish, hard and woody, with several cells inside. Length about 
J inch. On the stem of wild rose (A'o.vu blanda). 

Habitat: New 'i'ork; Washington, 1). C. 

The Species, briefly deserihed as Ctjnips {Rhodites fuhermlosa by tla^ 
late Baron von t Jsten Sueken, is probably the same as his Rhodites vermis. 
The description of the gall of iuhereulosn agrees with that of R. vernns, but 
the descrijitioii of the gall-fly of fulxrculosa is too britd for recognition. 
Osten Sacken’s description of Cynips {Rhodites "i) luherculosa is as follows; 
“Rundliche oder langliclic, kaiini einen lialben zoll lange anschwellungen 
an den zwdgcn: Cynips {RluxUies^i) tuberculosa n. sp. ?, 14-gliedrige 
antennen; o' scheinbar aiich l4-glicdrig, da das letzte, 15-glied, sehr kurz 
und undeutlich ist. Ich wage kaum diese art fiir Rhodites zu halten, da 
die radialzelle zwar einen verdickten, Itaarigcn vorderrand hat, docli aber 
nicht fiir geschlo.ssen angesehen werden darf."' The following is a tran.s- 
lation of the above. Rounded or elongate swellings hardly one half inch 
in length on the tvvig.s (of rose); Cynips (RhoditesJ) iuhereulosa n. sp. 9 , 
antennie 14-jointcd; cJ' apparently also 14-jointed, as the last, 15th joint 
is very short and indistinct. I hardly venture to consider this species as a 
Rhodites, because the radial cell has a thickened, hairy costal margin, but 
it cannot be regarded as being closed. The types of R. vermis are in the 
Museum of Comparative Zfa'ilogy, Cambridge, Mass., and one type of the 
gall is in the American Museum of Natural History, from which the figure 
(Plate XLIV, Fig. 1) was made. 
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Rhodites dichlocerus (Harr,), 

Cynips dichlocerus Harris, Rep. Ins. Mass. Inj. Veget., 1841, p. 399; Treat. Ins. 
New Engl. Inj. Veget., 2d ed., 1852, p. 345; Treat Ins. Inj. Veget., 3d ed., 
1862, p. 549, pi. viii, fig.s. 6, 7, 8; ibid., Flint ed., 1862, p. 549, pi. viii, figs. 6, 7, 
8; ibid., 1863. 

Cynips d'ichloceros Ostkn Sackex. Eht. Zeit. Stettin, Vol. XXJI, 1861, p. 415. 
Rhodites dichlocerus O&TES t>.KCKE^,rroc.Ent. Soc. Phil., Vol. II, 1863, pp. 41,45, 
46; Glover, Ill. N. Ani. Ent., 1878, pi. viii, fig. 18; Mayr, 20 Jahrb. Com¬ 
munal Oherrealsch, I, Ik»z. Wien, 1881, p. 18. Ashmead, Trans. Am. Ent. Soc., 
Vol. XII, 1885, p. 263; HjuL, Vol. XIV. 1887, pp. 133, 148; Bull, 1. Col. Biol. 
Assoc., 18(K), p. 38; Beutex.muller, Bull. Am. Mu.s. Nat. Hist.. \'ol. IV, p. 247, 
pi. ix, fig. 5; Am. Mus. Journ., Vol. IV, 1904, p. 93, fig. 4. Ins. Galls Vicin. 
N. Y., 11K)4, p. 7, fig. 4; Cook, Proc. Ind. Acad. Sci.. 1904, p. 225; 29th Rep. 
Dept. Geol. & Nat. Hist. Res. Ind., 1904 (1905), p. 819, fig. 3. 

Cynips (Rhodites) dichlocerus Glo\ kr. Hep. U. S. Comm. Agricul, 1877 (1878), 
p. 95, pi. ii, fig. 21. 

Rhodites spinosa Ahhmead, Trans. Am. Ent. Soc.. Vol. XIV. 1887, pp. 34, 148; 
Webster, Can. Ent.. \ ol. XXVH, 1895, p. 6S. 

Fenude. — Head y(‘llo\\ish brown, eyes black, finely and regularly punctate in 
front, less punctate posteriorly. Antenna* 14-jointcd, first, second and third joints 
reddish brown, remaining joints black. Thorax. ai)domen and legs brown, sheath 
of ovipositor black. Thorax regularly and evenly punctate, anterior parallel lines 
almo.st extending to the middle of tlie thorax; median groove from the scutellum 
extending well forward to nearly the ends of the anterior lines. Panipsidal grooves 
well de\'eI()|X)d and almost parallel, widely separated at the .scutclliim. Ploune 
finely and regularly rugoso-punctate ivithout any shining area. Legs yellowish 
red, claws black. Wings subhyaline, yellowish, vein.s browTi and no radial cloud. 
Length 3 to 4 mm. 

Male. — Head, antennje and thorax piceoiiJ^ black, sometimes rufo-piceous. 
Abdomen yellowish red basully, otherwise black. Legs yellowish red, claws black 
and somcfime^ also the last tarsal joint. Pleurie with a finely punctate shining area 
which is sometimes rufous. Wings hyaline and without radial cloud, veins browm. 
Length 2 to 2 50 inm. 

Gall (Plate XLI\\ Figs. 9-14). — IMj’thalamous. Elongate, subfusiform, 
gradually tapering at both ends. Smooth or more or less densely covered with 
short spiny prickles like the gall of Rhodites multispinosu.s. Red, hard and woody 
with numerous cells internally. Measures from 14-54 mm. iii length and from 7 
to 18 rnm. in width. Occurs on the iiranches and twigs of wild roses (Rosa Carolina, 
R. humiiis, R. cantna and R. ndida). 

Habitat: Massachusetts; Rhode Island; Conne<'ticut; New* York; New'Jersey; 
Pennsylvania; W’^ashington, D. C.; Delaware; North Carolina; Indiana; Ohio; 
Colorado. 

The flies bred by me from the spiny galls named Rhodites spinosus by 
Dr. Ashmead are identical with the ones bred from the smooth gall of 
Rhodites dichlocerus. Harris's types are probably in the Boston Society c.f 
Natural History. 
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Rhodites globuloides sp. nov. 

OsTEN Sacken, Proc. Eiit. Soc. Phil., Vol. II, 1863, p. 62, (unnamed). 

Rhodites ignota Ashmead, Trans. Am. Ent. Soc., Vol. XII, 1885, p. 293; {bid., Vol. 
XIV, 1887, pp. 133, 148 ; Bull. 1, Col. Biol. Assoc., 1890, p. 38; Gillette, 
Ent. News, Vol. Ill, 1892, p. 246. 

Rhodites globulus Bkutenmi lleii, Bull. Am. Mus. Nat. Hist., Vol. IV, 1892, p. 247, 
pi. ix, fig. 4; Am. Mus. Journ., \ol. IV, 1904, p. 93, fig. 3; Ins. Galls Vicin. 
N. Y., 1904 p. 7, fig. 3; Cook, 29th Rep. Dept. Geol. <fe Nat. Hist. Res. Ind., 
1904 (1905), p. S18, fig. 12. 

Female. — Head black, finely and evenly punctate, with microscopic hairs. 
Antemiie black, first and second joints rufous, third joint piceous. Thorax evenly 
rugose, subopaque. Anterior lines wanting. Median groove from the scutellum 
scarcely visible. Parapsidal grooves very obsolete, slightly evident posteriorly. 
Pleura; rugose, sui')opaque, somewhat shining beneath the wings. Scutellum ver^^ 
rugose, black. Abdomen and legs rufous. Wings subhyaline, yellowish; radial 
cell heavily clouded nith brown on the veins with the disc hyaline, the bro\\n 
shade extends beyond the ^eills Length 3 mm. 

Gall (Plate XldV, Pigs. 2 6). — Poh"thalamous. Smooth, rounded or oblong, 
arising at each end abruptly from the branch. Green and fleshy when fresh; anti 
brown, soft and corky when dry. Measures from about 10 to about 22 mm. in width 
and 35 mm. in length. 

Habitat- Massachusetts; Khode Island; New York; New Jersey; Connecticut; 
Indiana; North Carolina; Florida; Michigan. 

Described from a single female gall-fly. The type of the adult and galls 
are in the Aittt*ncan Mitseiim of Natural History. 

The insect described by me as Rhadites globulus is a guest-fly, synony¬ 
mous with Pcriclidis pirafa O. S., con.sequently a new name must be u.sed 
for the true gall maker. 1 propo.se for it Rhodiie.s glolmhndes. Dr. William 
Ashmead <'rroneou.sly refers to thi.s species as Rhodites ignota in his various 
papers on Cynipidte. The gall of Rhodites globuloides occurs on the branches 
of Rosa Carolina and i.s quite common locally in certain localities. I have 
collected over a hundred specimens of the galls from which 1 reared hun¬ 
dreds of its guest-fly Fericllstis pirata, but only a singh' specimen of the 
true gall maker. 

Rhodites neglectus Gill. 

Rhodites negheto Gillette, Can. Ent., Vol. XXVI. 1894, p. 158; Cockerell, Ent. 
Student, Vol. I, 1900, p. 10. 

Lytorhodites m^gketus Kieffer, Bull. Soc. Nat. Hist. Metz, 2d Ser., Vol, X, 1902, 
p. 97; 

Female. — ‘‘ Head black, except a little nifous upon the vertex and clypeus; 
face rather coarsely rugose, vertex and occiput finely rugose; antennae entirely black, 
14-jointed. Thorax entirely black, parapsidal grooves well defined and broadened 
anteriorly, median groove traceable but a short distance from the scutellum. Sur¬ 
face of the mesothorax shining, but under a low power of the microscope is seen to 
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have a fine network of impressed lines and numerous shallow punctures over the 
entire surface; from each puncture arises a small yellowish hair. Scutellum black, 
slightly rufous on the middle of the disc, coarsely rugose about the margin, less 
coarsely on the central portion. Pleura and mesothorax black and coarsely to finely 
rugose, most finely on the central portion of the mesopleurie beneath the fore wings. 
Abdomen black, except sides of second segment near the base, the seventh segment 
and the anterior portion of the venter. All the surface of the abdomen is covered 
with a network of microscopic impressed line.s. Wings slightly smoky, radial area 
not at all closed along the costal margin. Feet rufous, except coxae, which are black¬ 
ish. T^ength 2.50 to 3 mm. 

Descril^ed from two bred females. 

—Except feet, entirely black; length 2.50 mm.; otherwise like female” 
(C. P. Gillette). 

Gall. (Plate XLIV, Figs. 7, 8).— Polythalamous. Rounded or oval, usually 
longer than liroad. Abrupt at each end and sometimes depressed at each side. 
Externally it is smooth with one or more ridges which do not encircle the gall. In¬ 
ternally it is corky and contains numerous larval cells. Length, 14 to IS mm.; 
width 11 to 15 mm. Occurs on the branches of wild rose {Rosa sp.). 

Habitat: Manitou. and Fort C'ollins, Colorado (Oillette); Colorado Springs, 
Colorado (Cockerell); Pullman, Washington (Agricul. College). 

A single female and gall of this species I received from Professor T. D. 
A. Cockendl. The gall agrees exactly with the type of Rhodites neglectus, 
but the flies differ slightly from the original description by Professor Gillette. 
In my s[XM*imen the anterior parallel lines are narrow, distinct and not 
punctate and almost reach the middle of the thorax. These lines were not 
mentioned by Professor Gillette, otherwise my specimen agrees with his 
R. ‘neglectus, except that it wants the rufous mark on the scutellum. The 
types are with Prof. C, P. Gillette. 

Rhodites tumidus Bass, 

Rhodites tumidus Bassett, Trans. Am. Ent. Soc., ^ ol. XVII, 1890, p. 60; Cockerell, 
Ent. Student, Vol. I, 1900, p. 10. 

Female .— Head black, evenly and rugosely punctate in front. Antennse 
in the female black, first and second joints rufous or wholly black; in the male 
always black. Thorax black finely and rugosely punctate, rather dull; anterior 
parallel lines short, median groove from the scutellum extending almost to the 
middle of the thorax. Parapsidal grooves distinct, fine, punctate and well separated 
at the scutellum. Pleura* rugose with a finely punctate shining area. Scutellum 
rugose, black or with a rufous patch. Abdomen dark reddish brown in the female 
sometimes approaching black, wholly black or sometimes dark rufous in the male. 
Legs reddish browm. Wings with a yellowish tinge in the female with the veins 
of the radial area clouded with brown. Areolet large; veins brown; the wings ot 
the male are without the yellowish tinge and the cloud on the radial veins, and the 
areolet is smaller. Length of male 1.50 to 3 mm.; of female 2.50 to 3.25 mm. 

Gall (Plate XLV, Figs. 5~7).— Polythalamous. Red or reddish brown. Glob- 



640 


Bulletin American Museum of Natural History, [Vol. XXIII, 


ular or irregularly rounded, smooth when fresh, but wrinkled w’hen dry. Terminal 
part Bomewdiat of fonn of a half-opened rose or miniature cabbage, the lines on the 
surface being the outlines of the leaves. Upper half of some specimens have a thin 
w’hite papery epideniiis, which is usually torn and curled. Internally the gall is 
of a soft, cellular pithy consistence, with traces of the stems of* the leaves. They 
grow on the end of a woody stem, or are in some cases nearly sessile. Measures 
from 16 to 30 mm. in diameter. 

Habitat: Southern Utah. 

One male and two female type specimens of the gall-flies and several 
galls are in the collection of the American Museum of Natural History. 
The figures of the galls on plate XLV, (Figs. 5, 6, 7), were made from the 
types. Bassett’s types are in the collections of the American Entomological 
Society and the American Museum of Natural History. 

Rhodites arefactus Gill. 

Rhodifps arv/actus Gillette, Can. Knt , Vol. XXVI, 1804, p. 157; Cockkrell, Ent. 
Student, Vol I, 1000, p. 10. 

Rhodiks similis Ashmead. Proc U. S. Nat. Mus., Vol. XIX, 1807, p. 136; Cocker¬ 
ell, Ent. Student, Vol. I, 1000, p. 10. 

Lytorhodites arefarivs Kieffer, Bull. Soc. Nat. Hist. Metz, 2d Scr., \"oL X, 1002, 
p. 07. 

R. arefactus, female — “General color cinnamon-rufous; head entirely rufous, 
except a blackish area between either comi)ound eye and the mouth; under a 
power of sixty diameters the lower face appears rather coarsely wrinkled, the wrinkles 
converging towards the mouth, the upjier face, vertex and occiput very finel}’^ nigose, 
the face sparsely set with a short gray pubescence; antennxc short, the first (two) 
joints, and sometimes the basal third, nifous, remaining joints black; nurnljer of 
joints, fourteen. Thorax rufous above, with a black suture separating the rneso- 
thorax and scutelliim, paraj^sidal grooves entire, broad, moderately deep, well 
separated at the sctitellurn, and with numerous elevated lines crossing them; median 
groove di.stinct and extending wdl forward. The surface of the thorax is finely 
rugose, and. in the proper light, shows numerous punctures, each puncture bearing 
a short yellowish hair. Scutellum coarsely wrinkled near the margin, and le.ss 
coarsely wrinkled on the central portion, wdiich is considerably elevated, transverse 
groove at base, color rufous. Me.soplcura, except spot just beneath the wings, nifous, 
sutures, metathorax and sternum black or blackish; entire pleura rugose. Abdomen 
rufous, with venter and posterior half of dorsum blackish, all abdominal segments 
covered with a microscopic network of impressed lines, most prominent on the 
terminal segments. Wings but little smoky, radial area not at all closed along 
the costal margin, areolet di.stinct and rather small. Feet, including the coxce, 
entirely rufous, the claws only being black. Length, from 3.25 to 4.50 rnm. 

Male .— 3 to 3.50 mm. in length, black, feet more reddish in color than in the 
female, bases of the coxic black, antenna? black throughout; otherwise like the 
female. 

“Described from forty-two bred specimens. There is one male among those 
reared that has the rufous markings of the female on head, antennas and thorax*^ 
(C. P. Gillette). 
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Gall (Plate XLV, Fig. 1).— Dense, corky enlargements of small shoots, usu¬ 
ally close to the stem from which the shoots arise, and the shoot is usually dead 
beyond the gall when the latter is mature. The galls are irregular in shape, vary 
from one half to seven-eighths of an inch in diameter, and are polythalamous. The 
surface is of a rusty color, is finely wrinkled and reminds one of a dried fruit. The 
surface appears dry and hard, but it is easily dented with the finger-nail and is 
always free from spines. 

Described from eighteen galls collected in March in the vicinity of Fort Collins, 
Colorado. Galls brought into the laboratory March 7th began giving flies March 
23d ” (C. P. GillcUe). 

R. similis, female. — In stature and color, tliis species is very near dichlocerus 
Harr., but the surface of the thorax is much smoother, shining, the head and the 
lateral lol>es of the mesothorax are darker, almost black, the median and parapsidal 
grooves more distinct, broader, the disk of the mesopleura smoother, veins darker, 
while the vein at base of marginal cell is arcuate. 

“The male is entirely black, except the basal antennal joints, spots on vertex 
above base of antennae, and the legs, which are red, the middle and posterior coxae 
being black basally. 

Habitat: Point of Rocks, Wyoming (Bruner).^’ 

Gall (Plate XLV, Figs. 2-4).— “An irregular, rounded, brown or brownish 
yellow, pithy gall on the smaller stems of an unknown wild rose. They vary greatly 
in size and shape, from a small pea-like form to a more or less globular or oblong 
shape, some of them being an inch or more in length. There is no consi.stency in 
their shaj^e; some are })erfoctly round, oblong, or of various irregular shapes*' 
(IF. H, Ashtficad), 

The above are copies of the original descriptions of the gall-flies and galls 
of Rhodiicfi arefactus Gillette and Rhodites similis Ashmead. One male 
and one female, type, with a s{)ecimen of the gall of Rhodites arefactus were 
kindly sent to me by Prof. C. P. Gillette and two female cotypes, together 
with several galls of Rfuxlites similis were given to me by Dr. William II. 
Ashmead. The flies of Rhodites similis are the same as Rhodites arefactus. 
The galls of both these are also exactly similar. Figure 1, Plate XLV, was 
made from the type of the gall of R, arefactus and figures 2, 3, 4 (Plate 
XLV) were made from cotypes of R, similis. Figure 13 (Plate XLV), 
was received from California by Dr. Mel. T. Cook. I am of the opinion 
that R. arefactus will ultimately prove to be a color variety of R. iumidus. 
The t}^s of R. arefactus arc with Prof. C. P. Gillette, and one male and 
female with gall are in the collection of the American Museum of Natural 
History. Ashmead’s tyjxss of R. similis are in the United States National 
Museum. 

Rhodites tuberculator Ckll. 

Rhodites tuberculator Cockerell, West Am. Sci., Vol. IV, 1888, p. 60; Entomol., 

Vol. XXIII, 1890, p. 75; Ent. Student, Vol. I, 1900, p. 10; Ashmead, Bull. 

1, Col. Biol. Assoc., 1890, p, 38; Gillette, Ent. News, Vol. HI. 1892, p. 247. 
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Female .— Head piceous in front with a rufous mark along the middle, sides and 
posterior portion piceous, vertex rufous; finely punctate. Antennae black, first 
three joints rufous. Thorax rufo-piceous finely and sparsely punctate. Anterior 
lines very fine and scarcely visible. Parapsidal grooves distinct, moderately deep 
and widely separated at the scutellum. Median groove from the scutellum extend¬ 
ing well forward, distinct but not prominent. Pleurae piceous rugoso-punctate, 
with a shining black or iiifous area beneath the base of the wings. Scutellum 
rugose, with a rufous spot. Abdomen yellowish, sometimes blackish above and at 
the tip. Legs rufous. Wing yellowish hyaline and without radial cloud. Length 
3 mm. 

Male .— Entirely black. Legs rufous. Length, 1.50 to 2.75 mm. 

Gall (Plate XLV, Figs, 8, 9, 10).— Polythalamous. Spherical or elongate 
rounded. Surface shining or corrugated. Reddish yellow varying to pink and 
dull purplish. It grows surrounding a twig of a species of wild rose, so that it pro¬ 
jects beyond and from the middle of the gall at each end. Sometimes it grows at 
the tip of a twig; the aj^ex of the gall is then bud-like. Internally it is of a soft, 
white, pithy, cellular structure, containing many larval cells. Measures from about 
25 to 38 inm. in diameter. 

Habiiat’. West Cliff. Custer Co., Colorado (T. I). A. Cockerell); Utah (H. K. 
Morrison); Colorado (Gillette). 

The figures (Plate XLV, Figs. 8-10) were made from specimens given 
to me by Prof. A. D. Hopkins. The t}"j)es are supposed to be in the Imited 
States National Museum. 

Rhodites multispinosus Gill. 

Rhodites spinosixsirna Gillette, Bull. 7, Iowa, Agricul. Exp. Sta., 1889, p. 244, fig. 
28 (name preoccupied). 

Rhodites muUispinusa Gille'cte, Ent. Amer., Vol, VI, 1890, p. 25, fig. 2; Proc. 
Iowa Acad. Sci., Vol. I, pi. ii, 1892, p. 110. 

LytorhodxUs multispinosus Kieffer, Bull. 8oc. Nat. Hist. Metz, Ser. 2, Vol. X, 1902, 
p. 97. 

“ Female .— Head rufous, almost black beneath the eyes, finely rugose and 
covered with gray pubescence. A little black shading on the vertex surrounds the 
ocelli. Thorax rufous, punctured, parapsidal grooves broad, but not deep, and 
extend to the scutellum. Two naked parallel lines extend a little more than one 
third the di.stance from the collar to the scutellum between the parapsidal grooves. 
Thorax, like the head, thinly set with short hairs. Scutelluni more coarsely rugose 
than the other parts of the thorax and without foveie. Abdomen dark rufous, 
polished and very finely rugose. Ventral valve black. AntennsB 14-jointed, the 
first three joints rufous, the others black. Wings subhyaline, areolet large, margi¬ 
nal cell open. Length 4.3 mm. 

^‘Male .— Entirely black, except the legs and a little rufous coloring about the 
ocelli. Legs reddish brown. Antennje 14-jointed, and nearly or quite as long as 
the body. Length 3.5 mm. Otherwise like the female.” 

^^Gall (Plates XLV, Figs. 11,12 and XLVI, Fig. 1).—Round, knot-like, hard and 
woody, especially so when dry. Reddish brown and more or less densely covered 
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with rather sharp, stout spines. It measures from about 20 to 32 mm. in diameter. 
Occurs on the terminal stems or shoots of wild roses (Rosa sp.).'^ (C. P, Gillette.) 

Habitat: Minnesota (Gillette); Milwaukee, Wisconsin; Pullman, Washington; 
Ontario, Canada (Brodie). 

The typ)es of the gall-flies, one male and two females, and one gall of 
R}u)dites viultispinosiis, are in the collection of the Agricultural College at 
Ames, Iowa, and were kindly sent to me for examination by Professor Henry 
E. Summers. In the adults the parapsidal grooves are distinct and widely 
separated at the scutellum. The median groove from the scutellum is 
distinct and extends forward to almost the ends of the anterior lines. The 
thorax is finely and evenly punctate and the scutellum is rugose. The 
wings of the female are yellowish hyaline and without a dark radial cloud. 
The wings of the male are somewhat paler and the abdomen at the extreme 
base is rufous. (Otherwise the .specimens agree with Prof. Gillette’s de- 
scri})tion given above. 

A number of gall-flies which were bred from a gall exactly similar to 
that of Rhodifes inultispino.ms wert'sent to me by Mr. A. L. Melander, from 
Pullman, Washington. In these sj^ecimens the females vary in color from 
rufous to almost entindy black, while tlie males are the same as the tyj>e of 
R. maltispiuosiis'j j)roving that the female gall-flies of this s})ecies are subject 
to considerable variation. The figure (Plate XLVI, Fig. 1) was made from 
the type gall of R. vmltispiDosus and the figures (Plate XLV, Figs. 11, 12) 
were made from sjx^cimens collected at Milwaukee, Wiscoasin, and sent 
to me by Mr. (\ T. Brnes. 1 am of the opinion that R. vuilfispinosus may 
prove to b(* the same as R. luherculaior Cockerell. 

Rhodites fusilormans Ashm, 

Rhoditcs lusi/ormatis Ashmkad, Bull. 1, Col. Biol. Assoc., 1890, pp. 14.38; Cockerell, 

Entomol., Vol. XXTII. 1890. p. 7.5; Ent. Student, Vol. I, 1900, p. 10; Gillette, 

Ent. News, Vol. HI. 1892. p. 246. 

^^ale and female .— Head black with microscopic hairs, coar.sely-punctate in 
front, finely and closely punctate on the A’ertex and occiput, jaws rufous. Antenna? 
14>jointed, first anti second joints lufous in the female, remaining joints black, 
wholly black in the male. Thorax somewhat shining, very minutely and closely 
punctate, parapsidal grooves distinct, converging as they approach the scutellum; 
two short distinct lines from the collar, not extending to the middle of the thorax; 
a distinct median groove from the scutellum not extending to the middle of the 
thorax. Pleur® finely rugoso-punctate with a smooth shining area. Scutellum 
very nigose, black. Abdomen red becoming piceous posteriorly in the female, 
wholly black in the male. Legs reddi.sh yellow in the female, somewhat darker in 
the male. Wings hyaline, radial area brown in the female, veins brown, areolet 
indicated by a brown dot. In the male the brown radial cloud is wanting. Length 
of male 1.50 to 2 mm.; of female 2 to 2.50 mm. 
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Gall (Plate XLV, Figs. 10-12).— Polythalamous. Irregularly rounded or elon¬ 
gated puffy swellings situated on one side or completely encircling a branch or 
stalk. It occurs singly, or a number of the galls are strung along the branch in 
more or less close proximity, or they are more or less cdnfluent. Internally it is 
soft, porous, sponge-like. The outer skin is rather brittle, especially when dry, with 
numerous longitudinal fissures. It measures from about 4 to 12 mm. in length and 
4 to 9 mm. in width. On a species of wild rose (Jtosa sp.). 

Habitat: West Cliff, Custer Co., and Colorado Springs, Colorado (T. D. A. Cocker¬ 
ell); abundant in the foot hills in north and south Colorado (C. P. Gillette). 

Ashmcad’s types are in the United States National Museum. 

Rhodites nebulosus Bass, 

Rhodiies nebulosus Bassett, Trans. Am. Ent. Soc., \"ol. XVTI, 1890, p. Gl-i. 
Lytorhodiies nebulosus Ivieffek, Bull. Soc. Nat. Hist. Metz, 2 Ser., \"ol. X, 1902, 

p. 97. 

Female .— Head black, verj^ broad, front from the eyes and including the base of 
the antenme perfectly flat; ocelli prominent, and included in a smooth, shining 
space bounded by a distinctly impres.sed line, outside of this space the vertex is 
hairy and finely reticulated; antctime 14-joiuted; joints one and two dee'p brow nish 
yellow, remaining joints black, third as long as the first and second together. Thorax 
black, covered with fine short hairs, evenly punctate, parallel lines distinct and 
reaching half way to the scutellum; {>arapsidal grooves distinct and reaching throe- 
fourths of the way to the collar; lines over the base of the wings distinct and closely 
approaching the parapsides anteriorly; scutellum rugose and with fine short hairs; 
no foveaj, but a straight, prominent, transverse ridge separates the scutellum from 
the pronotum. Abdomen clear, semitranslucent brown, but evenly shaded. Legs 
pale l)rovvn, almost yellow. Wings yellowish hyaline, radial area heavily clouded, 
with a small clear spot in the middle; veins heavy, dark brown, almost black; 
areolet large distinct; radial area open, or but partly closed. I^ength, 2.75 mm. 

Gall (Plate XLVH, Figs. 1-3).— Monothalamous. Green, globular, hollow, thin 
shelled, almost smooth or with very short, fine, w’eak spines. They occur singly 
on the leaves or in clusters, or in a large mass containing numerous galls. Measure 
from 5 to 6 mm. in diameter. On wild roses {Rosa blanda, U. rubujinosa, and prob¬ 
ably R. Carolina and hum ilis). 

Habitat: Waterbury, Connecticut (Bassett); Bronx, New' York City (W. B.); 
Guelph Canada (Jarvis). 

When dry the gall becomes brittle and may be easily crushed. The 
type is a single imperfect specimen. I have taken nebulomis in abundance 
in the Borough of the Bronx, but did not succeed in obtaining the adults. 
The fly is known only by a single female in the collection of the American 
Entomological Society. It was erroneously described by H. F. Bassett as 
a male. 

Rhodites politus Ashm, 

Rhodites poliia Ashmead, Bull. ], Col. Biol. Assoc., 1890, pp. 14, 38; Gillette. 

Ent. News, Vol. Ill, 1892, p. 246. Cockerell, Ent, Student, Vol. I, 1900, p. 10, 



1907.] 


Beutenmiiller, North American Spades of Rhoidtes. 


645 


Male and female. — “Ijengih variable, from 2-4 nirn. Entirely black with red 
legs. The head and thorax are finely confluently punctate, with some coarser 
scattered punctures over the surface. Anteniue 14-jointed in both sexes, black, 
the third joint being fully twice the length of the fourth. The mesopleuraj are 
usually smooth and polished. Scutellum convex, much longer than wide. The 
highly polished black abdomen in the female is slightly longer than the head and 
thorax together, compressed below, the ventral valve large, projecting, and acutely 
pointed. Wings hyaline, veins stout, black, the basal vein of the closed marginal 
cell a little angulated, the cubital cell closed, the areolet large, distinct^* (TT. H. 
Aahmead). 

Thm‘ male .specimens of R, poliius are before me and they may be de¬ 
scribed as follows: 

Mala .— Head black, finely punctate, with microscopic hairs, mandibles rufous. 
Antenna' black, 14-jointed. Thorax black, shining, very finely and sparsely punc¬ 
tate; each puncture with a short hair. The parallel anterior lines very fine and nar¬ 
row, hut distinct. Paraj)sidal grooves very narrow, converging as they approach the 
scutellum, where they are widely separated. Pleurie finely rugoso-punctate wdth 
a large poli^hed area. Scutellum rugoso-punctate. Abdomen black, piceous 
basally. bt'gs yellowish. Wings hyaline, veins dark brown without brown radial 
cloud. Length 2 mm. 

(tall. — (Jlol)ixlar, soinctime.s coalescing. Thin walled and hollow inside. Exter¬ 
nally it is beset with weak spinules. It occurs on the leaves of wild rose {Rosa calx- 
fortiica). 

Habitat: Los Angeles, California; Dakota; Colorado (CockerelL; Manitou, 
Colorado ((Jillctte). 

T^he gall of Rhodites poUtus Ls the same as that of Rhodites nelndoms, and 
when we have mori' knowledge of these two s{)ecies they may be found to be 
identical, and if so R. nebulo.s^us will have precedence over R. polity^. The 
type's are in the Lhiited States National Museum. 

Rhodites gracilis Ashm. 

Rhodites gracilis Ashmkad, Proc. U. S. Nat. Mu.s., Vol. XIX, 1897, p. 135. 

Male and female. — Length 2.2 to 3 mm. In the male the two basal antennal 
joints and legs are red; in the female the whole abdomen is red; rest of the insect 
black. Head finely, closely punctate, the vertex almost smooth, thorax, scutellum 
and pleurae rugose, parapsidal grooves distinct posteriorly, somewhat obliterated 
by the sculpture anteriorly, the middle lol)e with a central longitudinal depresvsion. 
Antennffi 14-jointed, the third joint very long, more than twice as long as fourth. 
Wings hyaline, veins browm, the areolet large, cubital cell almost closed; in the female 
the basal veins of the closed radial cell and radius is surrounded with a dusky cloud, 
which is w^anting in the male. 

Gall (Plate XLVH, Fig. 4).— An irregular, inflated, rounded gall, with the top 
broadened and somewhat flattened, the edges surrounded with short, blunt tubercles 
which are the apices of the elevated ribs at the sides. Inside it is hollow^ with the 
wall about 1 mm. thick. It measures about 5 mm. in diameter. 

HahiicU; Unknown. 
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The above are Dr. W. H. jVshmead s descriptions of the gall-flies and 
galls of Rhodiies gracilis. They wert^ described from four specimens, one 
female and three males, reared May 17, 1870, from several spe(*im(*ns of 
the galls. The name of the rose on which the gall occurs is unknown. Dr. 
Ashmead states that according to C. V. Riley in his note book: ‘‘A small 
gall, bearing a general resemblance to a mangel-wurzel seed or large beet 
seed, occurring on rose trees, and esj>ccially on the single rose. The galls 
were first noticed in Sej)(ember.” My figures of the gall were mad(‘ from a 
specimen kindly given to me by Dr. Ashm(‘a(l, and it is very diflerent in 
shape from all the other known .sj)ecies of Rhmliies galls. 

The types of the gall-flies and galls are in the eollef’tion of the Tnited 
States National Museum. 


Rhodites rossefolii CklL 

RhodiU's rosa’jolii CorKKiiKLL. Month Mag., \"ol. X.W', pp. 32-1, 303; 

Ent. Student, Vol. 1. 1900, ]). 10; Ashmead, Bull. 1, Pol Ihol. Assuc., ISOO, 
pp. 13, 3S; (Jii.LETTK, Ent. Ncms, Vol. Ill, 1S02, p. 247. 

Rhodites ros(vl(iIiiv Cockkkell. KntonioL, Vol. XXIII. 1S90. p 74. 

Rhodites lenticularis BA.ssirrr. Tr. Am. Ent. Soc . \’ol. XX\’1J. 1S90. ]>. 59; Bei tex- 
MCLLEii, Am Mu'^. Journ.. \'oI. IV, 1904, p. 94, lig. S; Ins (hilN \'icin. X. V., 
1904, p. 8, fig. S. 

R. rosiifolii Female - Length 2 inra. Black, sparsely j>ul)e''(*(*nt and some¬ 
what coarsely irregularly j)unctate Mandihh^s red with black tij)s, AnttMinie 
entirely black. 14-jointed. tlie two basal joints short, nearly equal; tlie third, the 
longest joint, less than twice the length of the fourth; the joints beyond th<‘ fourth 
very slightly subequal to the last, the last being .slightly longer than the p<‘nultimate. 
Face closely and distinctly jninctate. Parapsidal groove.s rather broad, distinct, but 
not sharply defined and with a delicate median groove between, extending the whole 
length of the me.sonotum. vSciitellum com ex elevated. Leg.s reddish yellow, 
slightly dusky liasally. Abdomen red basally, beyond the .second .segment black, 
the ventral valve sharp [)low-shaped. Wings fusco-hyaline, the venation dark 
browm, the areolet distinct, triangular. De.scribed from one .specimen recei\ed from 
Mr. Cockerell and named in MS. msafolii’’ (IP. H. Ashmead). 

R. leniieularts- Male and jemah. — Head black, front finely punctate, posterior 
portion minutely piinetatc, Antemue 14-jointed, black, first and .second joints rufo- 
piceous, wholly black in the male. Thorax black with microscopic hair.s. The 
parallel anterior lines from the collar very indistinct and scarcely evident. Parap¬ 
sidal grooves distinct, but not prominent, converging as they approach the seutel- 
lum. Median groove at .seutellum short. Scutellum rugose with minute hairs. 
Abdomen reddish brown shining in the female and w holly black in the male. Legs 
yellowish brown. Wings hyaline with a more or less distinct radial cloud in the 
female, and wanting in the male. Length of male 1.25 min.; of female 2 mm. 

Gall (Plate XIAT, Fig. 5).— Monothalainous. Lentile-.shaped in the parenchyma 
of the leaves, showung on both the upper and tinder side. Occur single or in numbers 
upon the same leaf. Sometimes they are confluent and of irregular outline. It 
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measures from 2.50 to 3 mm. in horizontal and 1 to 2 mm. in vertical diameter. It 
occurs on the leaves of wild roses {Rom lucida, R. hlanda and R, arkansana). 

Habitat: Eastern Massachusetts (Miss Cora H. Clark); Bronx, New York City 
(W.^ B.); Custer Co., Colorado (Cockerell); Manitou and Fort Collins, Colorado 
(Giliette). 

I am unable to separate the galls of Rhodiicft lenlicularis (Plate XLVII, 
P'ig. 5) from Rhodiies rom'folii (Plate XT^Vl, Fig. 13). A male gall-fly of 
R. romfolii which was given to me by Dr. Ashmead also agrees with the 
type of R. leniicnlaris. Prof. T. D. A. Cockerell has taken /?. romfolii 
on Rosa niarovnii. 

Rhodites fulgens Gill. 

Rhoditca julgnm (Iili.kttk, C'aii. Exit., Vol. XX\1, 1894, p. 159; (.'ockerell, Ent. 

Student, Vol. 1, 1900, p. 10. 

Lytorhodites fuhjcna Kikfkeh. Bull. Soc. Nat. Hist. Metz, 2nd Ser., Vol. X. 1902, p. 97. 

Male. — Head black, rarely with a small rufous siX)! on the clyjxeus, and with 
iiiicroscopic hairs; coars€‘ly and regularly rugoso-punctate. subopaque. Antenme 
14-j()inted, black, first and second joints ludmed to lie piceous in some specimens, 
first joint oblong, short, .second joint globose, smaller than the first, third joint long 
aiul about twice as long as the two preceding, the remaining joints shorter than the 
third and subequal. Thorax black, very shining, smooth with scattered pit-like 
punctures each bearing a .short hair. ]>leura* rugoso-punctate, with a .small, shining, 
and finely jninctate aretv. The two parallel anterior lines from the collar very 
short or hardly ix^rceixtible, median groove from the .scutellum deep, well defined 
and extending forward to almost the collar. Parap.sidal grooves broad and deep 
with large pit-like punctures, sliglitly or gradually converging as they ap})roach the 
scutellum where they are rather widely separated from the median groove. Scutel¬ 
lum coarsely rugose making it subopaque. Abdomen black, shining. Ix*gs rufous, 
with \'ery short hairs, tips of tarsi black. Wings hyaline, ven>^^ slightly infu.scatcd, 
veins dark brow'ii and without brown radial cloud. Length 2 to 2.To mm. 

Female."~ Head variable in color. Kufous, with the front at the eyes and oi‘ciput 
piceous, or with the ^’ertex only black; entirely piceous, the clyjxjus and cheeks 
rufous or with more or less rufous in front; rugo.so-punctate, with micro.scopic hairs. 
Antenrue H-jointed, first, second and .somctime.s part of the third rufous. Thorax 
wath the punctures and grooves as in the male, wholly rufous with the pleiirjc black 
with a rufous area; piceou.s with a rufous patch at the middle anteriorly or entirely 
rufo-piccous. Scutellum black with a large rufous mark. Abdomen rufo-piceous, 
sheath black or blackish with the basal part rufous. Legs rufous. Wings yellowi.sh 
hyaline and with a faint darker radial cloud. Length 2.50 to 3.75 inrri. 

Gall (Plate XLVl, Figs. 2-4).— Monofhalamous when single, jxxlythalainous 
when confluent. Spherical, hard, woody, nodules on the roots beneath the ground 
or on the stalk very close to the ground. Sometimes they are single or in clusters, 
or two or more are coalescent, fonning an irregularly rounded mass. Sometime? 
they grow' on one side of the root or stalk or completely around them. The individ¬ 
ual nodules measure about 4 to 6 mm. in diameter and the coalescent ones from about 
10 to 30 mm. in diameter. On sweet briar (Rosa nd>iginosa). 

Hahiiat: Bronx, New York City; Pullman, Wa.shington; South Dakota. 
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Tliis species was heretofore known from the gall-flies only. It was 
described by Gillette from seventeen flies sent to lum by Professor J. M. 
Aldrich, from South Dakota, and eleven specimens bred in his laboratory. 
The galls were in both cases lost or confused with others. The above 
descriptions of the gall-flies and galls were made from specimens collected 
by me in the Borough of the Bronx, New York City. Some of the flies which 
were bred are identical with one of the female t}"pes of Rlwdifes fulgens 
sent to me by Professor Gillette. I have also received the gall and two 
female flies from Mr. A. L. Melander, from Pullman, Washington, and galls 
from E. B. South wick, collected on Staten Island, New York City. 

The types are with Prof. C. P. Gillette, and one female is in the collection 
of the AnuTican Museum of Natural History. 

Rhodites radicum O. S, 


Cynips semipiceus H^kris, Rep. Ins. Mass. Inj. \'eget . 1S41, p. 400; Treat. Ins. 
New Engl. Inj. Veget., 2(1 ed.. 1852. p. 436; Trcuit. Ins. liij. Veget., 3d ed., 1862, 
p. 549; ibid., Flint ed , 1862, p. .549; i/m/.. 1863. p 549; Ohtkx 8.\ckkv, Ent. 
Zeit. Stettin, Vol. XXIIl. 1861, p. 41.5. 

Rhodites radicum Ostks Sackex, Proc. Ent. Soc. Phil., Vol. 11. 1863, pp. 42, 45, 46; 
Mayr, 20 Jahrh. Vommunal Oberrealsch., I, Bez. Wien, 1881, p. 18; Asiimkad, 
Trans. Am. Ent. Soc.. Vol. XII, 1885, p. 293; ibid., Vol. XIV, 1887, p. 134; 
Bull. 1, Col. Biol. Assoc.. 1890, p. 38; BeutenmCllkr, Bull. Am. Mus. Nat. 
Hist., Vol. I\', 1892, p. 246, pi. ix, lig. 3; Am. Mus. Journ., Vol. IV, 1904, 
p. 92. fig. 2; Ins. Galls Vicin. N. Y., 1904, p. 6, fig. 2; Gillette, Ent. News, 
Vol. ITT, 1892, p, 247; Webster, Bull, 45, Ohio Agricul. Exp. Sta., 1893, p. 
156; Cockerell. fCnt. student, Vol. I, 1900, p. 10; Cook, Proc. Ind. Acad. 
Sci., i 904, p, 225; 29th Rep. Dept. Gcol. & Nat. Hist. Res. Indiana, 1904 (1905), 
p. 817, fig. 11. 

Tribalia baiatorurn Walsh, Proc. Ent. Soc. Phil., Vol. II, 1864, p. 470; Akhmkad. 
Trans. Am. Ent. Soc., ^'ol., Xll, 1885, p. 294; ibid., Vol. XIV, 1887, p. 134; 
Proc. Ent. Soc. Wash., ^V^1. V. 1903, p. 222; Psyche, Vol. X, 1903, p. 210; 
Kieffer, Bull. Soc. Nat. Hist. Metz, 2d Ser., Vol. X, 1902, p. 96. 

Male and female. — Head black, with microscopic hairs, front rugose, finely 
and den.sely punctate posteriorly. Antennae black, 14-jointed, first and second 
joints rufous in the female, wholly black in the male. Thorax black, densely, but 
very finely and uniformly rugose, subopaque. From the collar are two lines which 
scarcely extend to the middle of the thorax. A fine, harrow, distinct, median groove 
from the scutellum to the two parallel anterior lines. Parapsidal grooves broad, 
distinct with large pit-like punctures and gradually converging as they reach the 
scutellum; at this point they are almost contiguous and separated only by the 
median groove. Pleurae nigose w ith a large shining area. Scutellum very rugose. 
Abdomen black or piceous in both sexes, shining, smooth. Legs rufous with the 
hind femora infuscated. Wings subhyaline, yellowish, radial area clouded in both 
sexes. Length of male 2.50 to 3 mm.; of female 3 to 4 mm. 

Gall (Plate XLVII, Figs. 7, 8).— Polythalaraous. Very variable in shape and 
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size. Irregularly rounded, tomato-shaped or shaped somewhat like an artichoke 
tuber. It is smooth, reddish brown and more or less irregularly grooved and de¬ 
pressed. At the place of attachment is a very deep impression. Internally it is 
pithy and contains many larval cells. It occurs at or on the roots of wild rose {Rosa 
Carolina) and is attached on a short stalk. Measures about 35 to 60 mm. in diameter. 

Habitat: Canada; Massachusetts; Connecticut; New York; New Jersey; 
Peimsylvania; Washington, D. C.; Ohio; Indiana; North Carolina; Illinois. 

This species is quite common locally in swampy places in the vicinity 
of New York City. It undoubtedly will be found everywdiere in the ran^e 
of distribution of its host plant (Rosa Carolina). This plant is found, accord¬ 
ing to Britton and Brown, from Ontario, Canada, to Minnesota, south to 
Florida and Mississippi. The records of Rhodites radieum from Colorado 
by Ashmead, Cockerell and Gillette probably belong to Rhodites utahcn- 
sis. 

Walsh’s description of the gall-fly of Tribalia batatorum agrees fairly 
well with RhiKlites radkiim.^ and it is undoubtedly the same. The descrip¬ 
tion of T. batatorum was made from an undeveloped female obtained from 
an irregular mass of several dozen egg-shaped cells with a very smooth 
internal surface, connected by fleshy, poUto-like matter, and about .17 or 
.18 inches long. IMie whole, as Walsh learned from a reliable source, was 
attaclu^d, apparently by a wooden |)eduncle, to a common potato, many 
other such galls having been found on other potatoes. Dr. William H. 
Ashmead informed me some time ago that he had investigated this matter 
and was in possession of c'onclusive evidence that Walsh^s galls were the 
same as those of Rhodites radirnm and that Walsh received his specimen 
from a farmer, who found them while plowing his potato-patch and sent 
them to the “State Entomologist” as Wing “potato-galls’’ owing to their 
resemblance to a potato. The ty|K‘s of R. radirum are in the Museum of 
Comparative Zoology, Catnbridge, Mass. The types of T. batatorum have 
been destroyed. 

Rhodites utahensis Bass. 

Rhodites utahensis BAS-sErr, Trans. Ani. Ent. Soc., Vol. XXVI, IRtK), p. 62; Cocker¬ 
ell, Ent. Student. Vol, I, 1900. p. 10. 

Mate and female. — Head black, front roughly punctate, posterior portion very 
finely punctate with a number of \\idely separated pit-like depressions and micro¬ 
scopic hairs, jaws rufous. Antermte 14-jointed, black, first and second joints in the 
female rufous, w^holly black in the male. Thorax very glossy, microscopically 
punctate with scattered pit-like depressions each bearing a short hair. Pleurr' 
rugose. From the collar to the middle of the thorax are two parallel lines and a 
fine narrow median groove from the scutellum almost reaching forward to the middle 
of the thorax. Parapsidal grooves deep and strongly punctate, and suddenly con¬ 
verging as they approach the scutellum, where they are widely separated. Scutcl- 



650 


Bulletin American Museum of Natural History, [VoL XXIII, 


lum very rugofee, subopaque. Abdomen shining black or piceous. Legs rufous 
with short hairs. Wings subhyaline, yellowish, veins brown without radial cloud. 
Length of male 2.33 mm.; of female 3 to 4 mm. 

Gall (Plate XLVII, Fig. 6).— Polythalainous. Bright red, smooth. Irregular 
in shape, warty, with the sides and top ver>" deeply incised as though it had been 
grooved out with a knife in a rosette~like fashion. It is soft when fresh and pithy 
internally with numerous larval cells. On the under side is a deep impression where 
it is attached by a short stalk to the lower part of the plant or roots. It occurs on 
different species of uild roses {Bosa pisocarjM and probably I?, n'oodsii). 

Habitat: Southern I'tah; To]mz Butte near Florissant, Colorado (W. M. 
Wheeler); Pullman, Washington. 

Allied to Rhodifes radicuni, but the gall-flies may be readily distinguished 
by having the thorax on top very glossy, minutely punctate with scattered 
pit-like depressions, each bearing a short hair. I'he parapsidal groovtvs 
suddenly converge at the scutellum and are more widely sejtarated at this 
point than in /?. radicum. The gall is somewhat similar to tiiat of R. radi- 
cum but may be distinguished readily by the dec'ply rosette-like incisions 
on the upper parts. Th(‘ type.s o/ R. vfahensis cannot be found in the 
Bassett collection. 


EXPLANATION OF PL.\Ti:s. 
Pl.\te XLIII. 

Figs. 1-4. Rhodift's hirolor (Harris), 

Figs. 5-6. Rhodites robfc (Liiin.'i. 

Figs. 7-10. RhfHhIcs ifpiotus Osten SacKcn. 

Pl.\te XLIV. 

Fig. 1. Rhodites Tcrnus Osten Sacken (tyi)e). 

Figs. 2-6. Rhodites (jlohidoidcs .sp. nov. 

Figs. 7-8. Rhodites neqUetus (ullctte (type). 

Figs. 9-12. Rhodites diehlocerus (Harris') (smooth form). 
Figs. 13-14 .— Rhod'des diehlocerus (Harris) (spiny form). 


Plate XLV. 

Fig. 1. Rhodiies arejaetus (type). 

Figs. 2-4. Rhodites simitis Ash. (= /?. nrefactus) (cotypes). 
Figs. 5-7. Rhodites tumulus Bassett (types). 

Fig. 8. Rhodites iuberculator Cockerell. 

Fig. 9. Rhodites tuberculntor Cockerell. 

Fig. 10. Rhodites iuberculator Cockerell. 

Figs. 11-12. Rhodites multisjniwsus Oilletie. 

Fig. 13. Rhodites arefactus Gillette. 
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Plate XLVI. 

Fig. 1. Rhodites muUispinosus Gillette (type). 
Figs. 2-4. Rhodites fulgens Gillette. 

Figs. 5-9. Rhodites raiiabilis Bassett. 

Figs. 10-12. Rhodites fusifornmns Ashrnead. 
Fig. 13. Rhodites rosmjolii Cockerell. 

Plate XLVII. 

Figs. 1-3. Rhodites nchulosus Bassett. 

Fig. 4. Rhodites gracilis Ashrnead. 

Fig. 5. Rhodites leoticularis Baasett. 

Fig. 6 . Rhodites utah/mis Bassett. 

Figs. 7-8. Rhodites radieum Osten Sacken. 
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Article XXVIII.— DESCRIPTION OF THE SKULL OF BOLOSAU^ 
RU8 STRIATUS COPE. 

fiy E. C. Case. 

Plate XLVIII. 

During the summer of 1907 the author made a collecting trip in the 
Permian beds of north central Texas the proceeds of which passed into 
the possession of the American Museum of Natural History in New York. 
Among the material collected were two skulls of a small reptile, Bolosaurus 
striatus Cope, hitherto known from a very imperfect skull which formed 
the t^'pe. The purpose of the present paper is to describe these two skulls 
and to establish the position of the family Bolosauridae, which has been in 
some doubt. 

The two skulls w'ere found close together with numerous bones of Clepsy- 
drops^ Dimetrodon^ etc., in a bed of conglomerate in the Clear Fork division 
of the Texas Permian beds. The locality is near the mouth of Godlin 
Creek, in the northern portion of Archer County, Texas. 


Order COTYLOSAURIA Cope. 


Fam. Bolosauridje Cope. 


The family was originally regarded by Cope as belonging to the Pelyco- 
sauria. He said^: “The division Pelyco^auria is established primarily upon 
the genera Clepsydrops and Dhnetrudmiy but their cranial structure renders 
it highly probable that Ectocynodon, Pariotichus and Bohsaunis belong to 
it. It is also probable that the genera EmpedocleSy Emhohphorus and 
others determined from vertebrje belong to it, as the later are frequently 
accompanied by }x*lvic bones of the type of that of Dimetrodim. All the 
genera known from teeth and crania, are of carnivorous habit, excepting 
Bolosavrus and Dtadcctes\ they may be referred to a single family on this 
account, which I call the Ckpsydropidas Bohsaunis will form the type 
of another family characterized by the transverse position of the cro^ms of 
the teeth, under the name BohsauridasP In his Systematic Catalogue of 
the Permian Reptiles published in 1888* Cope placed Chihnyx in the family 


1 Proc. Am. Phil. Soc., Vol. XVIL p. 529, 1878. 
» Trans. Am. Phil. Soc., Vol. XVI. pp. 285-297. 
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Bolosauridte, indicating that he recognized the Cotylosaurian character of 
the skull. 

Revised description of the family: Small Cotylosaiirians with the cheek teeth 
elongate transversely and with a prominent cusp, in the upper series on the outer 
edge and in the lower series on the inner edge; the cusps showing slight wmr in 
mature specimens. The family is distinguished from the Pariotichidae by the 
presence of the cusps on the teeth and by the presence of but a single row' in the 
low'er jaw, and from the Diadectidse by the presence of an elongate parasphenoid 
rostrum and a prominent outer process of the pter 5 ’'goid bearing a row' of teeth on 
the low'er edge. 

Genus Bolosaurus Cope. 

Bolosaurus striatus Cope. 

Original description of the genus and species, 187S*: “Teeth fixed in shallow' 
alveoli, and with the crowns expanded transversely to the axis of the jaw's. The 
crowns sw'ollen at the base, and with low' apex, divided vertically into tw'o equal 
portions. The postero-internal half in the maxillar>^ series is low and horizontal; 
the anterior external portion forms a low* cusp, 
w'hich has a semicircular section. The teeth of 
the lower jaw are similar, but the relative posi¬ 
tions of the ledge and cusp are reversed. Ante¬ 
rior teeth of superior series composed of external 
cusp and internal ledge. No enlarged canine or 
incisor teeth. Bones of face not sculptured.’^ 

^*Char. Specif. The external surface of the 
crown is marked to the ajx^x w ith waved grooves 
of enamel. The edges of the elevated cu.sp, 
which presents posteriorly in themaxillai^’ teeth, 
constitutes the abrupt termination of the exterior 
face, and is sen*ate by the interference of the 
sulci. The edge of the basal ledge is slightly 
serrate. The muzzle is rather elongate, and the sides of the maxillary and dentary 
bones are plane and smooth. The mandible is narrow', and forms a narrow' wedge 
in the profile outline. It rises jx)steriorly behind the dental line. The teeth are 
separated by inteiw'als as wide as the tooth. 


‘M/ easurements. M. 

“Long diameter of the orbit No. 1 ..0130 

Depth of upper jaw' at orbit .0045 

Depth of low'er jaw at front of orbit.0050 

Four teeth in (low'er jaw) .0080 

Elevation of a crown .0025 

Transverse diameter of molar number 2 .0025” 


The foregoing description \vas evidently taken in large part from the 

» Proc. Am. Phil. Soc., Vol. XVII, p. 609. 



Fig. 1. Sketch showing the condi¬ 
tion of the type si>ecimcn, No. 4320, 
Am. Mas. Nut. Hist.. Cope Coll. The 
character of the teetii is shown on the 
opposite side ^see Fig. 6). Natural 
size. 
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type skull, No. 4320 Am. Mus. Nat. Hist., Cope Coll., but there are some 
parts which were taken from No. 4321, and perhaps from other speci¬ 
mens. 

Revised description of the genus and species. The following description 
is taken almost entirely from the two skulls recently discovered, as the type 
skull sliows very little that can be depended upon, other than the character¬ 
istic form of the teeth in the lower jaw. The 
condition of the type renders it impossible to 
make out the separate bones, and the teeth of 
the up{K*r jaw have been nearly all broken away. 
The whole skull has been crushed foiward giving 
a false appearance of elongation (sec Fig. 1). 

The two skulls, Nos. 4685, 4686, are of nearly 
e(jiial size and in a good state of prt'sercation; 
one has been crushed downwartl so that the top of 
the skull is broken in, ])ut tlu* ]>alatal surface is 
well shown; the other has been crushed some¬ 
what from side to side, but with the exception of 
the tij) etui of the nose there' has been little loss. Unfortunately both speci- 
nums have becui so injimul in the temporal region that it is impossible to 



Fig. 2. Hid#' view of the 
.skull of \u. 4686, .sliowiiig 
tlie dentuioti, hhape of the 
orhil.etc. Naturalize. 


make out the limits of the individual bones, but there is no doubt that 
there was a ctunplete roof with no trace of temporal vacuities. 

The .skidl was rouglily triangular in form, wider and higher posteriorly 
and terminating in a blunt snout anteriorly. 

Tlie interorbital space is moderately wide and 
slightly concave or flat and is ]>ierced by a fair 
sized parietal foramen. The fa<‘ial fnirtion of 
the skull seems to have been rather sharply 
round<‘d above. The anterior eiul of the .skulls 
is so injured that it is not pos.sil)le to deter¬ 
mine the exact ])osition of the nan\s but they 
were nearly terminal and ap])art'ntly looked 
outward rather than forward. 4'he orbits are 
large and were nearly circular in outline; the 
antero-posterior diameter is nearly equal to the 
preorbital length of the skull. The edges of 
the orbit are prominent above and anteriorly 
but arc less so Ix'low; there is no pit in the prefrontal such as is so char¬ 
acteristic of the Pelycosauria. 

From the condition of the specimen it is impossible to make out the shape 
or relations of all the bones but it is evident that their surface was smooth 
and free from sculpture except along the anterior edge of the orbit. 



Fig. 3. View of the lower 
surface of No. 4686, showing 
the condition of the palatal 
region. Compare Fig. 4. 
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The maxillary is rather elevated with a convex superior edge and a 
nearly straight alveolar edge; posteriorly it extends almost to the back of 
the orbit but is prevented from taking any part in it by the jugal which over- 
lies the posterior fourth. There are 16 counted teeth in the best preserved 
specimen, which is evidently a nearly perfect premaxillary and maxillary 
series. The anterior three teeth, which probably belong to the premaxillary, 
are larger than the anterior maxillaries and probably functioned as incisors. 
In common with the anterior maxillaries they are simple cones with large 
pulp cavities. Beginning with the sixth tooth the maxillary series increases 
in size to the tenth or eleventh, and then decreases in size to the posterior end; 
the last two are abruptly smaller and are only minute cones. The teeth 
from the sixth to the fourteenth show the characters of the family and genus. 
They are transversely expanded, much as in the Diadectidee, but in a less 
degree, and on the outer edge there is a prominent cusp which descends 
considerably below' the rest of the crown. The 
a|)ex of this cusp was originally shar}i but seems 
to have been worn blunt by attrition. I'lic sliaj)c 
of these teeth indicates the assumption of an 
herbivorous habit and perhaps indicates the 
method of development of the Diadectid teeth. 

The exact outlines of the fmntals, nasals, pre- 
frontals and lachrymals cannot be made out; the 
frontals were paired and took j)art in the upper 
edge of the orbit. 

The jngal is a long and slender bone which 
undt'rlay the orbit and extended ivlatively far 
anterior and |X)steri()r to it; it did not extend up¬ 
ward to form a portion of the posterior edge as in the Pelycosauria. 

The postorbital region is crushed in both specimens but in tlaun and in 
the type specimen it is evid<‘nt that the region was coven^d by a complete 
roof without temporal vacuities. The fonn of the separate bones is obscun\ 
The quadrate is a vertical plate and the articular surface has two f‘ondylcs, 
elongate antero-posteriorly as in the Diadectida*. 

The posterior surface of th(» skull is composed of a nearly vertical plate 
in which the sutures are mostly indistinguishable; the exoccipiial is fu.scd 
with the basioccipital and extended well up on the sides of the large and 
nearly circular foramen magnum. The occipital condyle is slightly oval 
and is marked by a pit showing the termination of the notochord. The 
opisthohe U separate from the exoccipital and extends out to the quadrate 
as a strong process. On either side of the posterior face of the skull there 
is a good sized posttf^mporal vacuity. There is no trace of a foramen 
quadratum. 



Fig. 4. Diagram of the 
lower surfiice of No. 4686, 
showing the form of the va¬ 
rious bones. 
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The under surface of the skull is most interesting, showing the strong 
resemblance to the Pariotichida^ in the presence of the strong parasphenoid 
rostrum and the external pro(’<‘ss of the pterygoids, points in which it diflFers 
from the Diadectidte. The hasutphenoid is shaped much like that in the 
Pelycosauria and the Pariotichidte; attached to the anterior end is a slender 



Fig. 5. Posterior 
view of skull No. 
4686. 


parasphenoid rostrum, which is of exceptional length; it extended far for^vard 
between the palatines. The posterior end is expanded and the lower sur¬ 
face is excavated by a shallow^ pit; near the anterior end are prominent 
basipterygoid processes which bear smooth articular faces. There is no 
trace of foramina for the external carotids on the 
lower surl’aee but these may be very obscure because 
of their minute size and the condition of the surface 
of tlie bone. In the specimen numbered 4685 the 
liasioccipital has been ptished forward out of place 
and lies partly in the })it at the posterior end of the 
ba.sis])henoid. 

The ptcrygoul has tlie tripartite form made familiar 
in the Pelycosauria and the Diadectida*. The anterior process extends for¬ 
ward and fuses with tlu* palatine so intimately that the suture cannot be 
made out; between the pterygoids and palatines of the two sides there is 
considerable s[)ace which is divided by the elongate parasphenoid rostmm; 
it is probable that the anterior end of the dividing plate is formed by the 
rower. 'Fhe external pnx’Css of thi' pterygoid curves outwanl from the 
middle of the bone and presents a jmnninent vertical face to the inner side 
of the lower jaw. 'Die lower edge of this process carries a row' of promi- 
lumt, bluntly conical teeth set in sockets. There are six teeth 
in th(* pn*>ierved row' with the base of a seventh set olf 
to one ^idc; the outer eml of the row' of teeth is bent sharply 
forw’ard with th(‘ process. 

The hnirr fair is very high posteriorly and becomes more 
sltmch'r anteriorly. The alveolar edge is nearly straight as 
in the maxillary, ami there are 13-14 counted teeth and alve¬ 
oli; this st‘ries does not set*m to be complete and there were 
probably one or two more. -Vs in the upper jaw’, there is no trace of 
t'ularged canines and the teeth in the midille of the series are somewhat 
larger than those at the ends; the last tw'o teeth are abruptly smaller. 
The teeth of the middle portion of the series have a very similar ap- 
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pearance to those of the maxillary; the base of the crown is swollen and 
the inner edge is continued upwanl in a <‘one which w'as sharp originally 
but seems to be w'orn blunt by u.se. The articular region shows two cotyli 
for the condyles of the quadrate, and is expanded laterally for their accom- 
[XVpf. 1907 .] 
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modation as in the Diadectidae. Though the posterior portion of the jaw 
is very high there is no distinct coronoid process, and there are no vacuities 
in the outer surface of the jaw. The relations of the various bones cannot 
all be made out but it is evident that the splenial extends far forward and 
took part in the symphysis. 


Measurements, mm. 

Length of the lower jaw of No. 4685, perfect . 31 

Width across the iX)sterior end of the skull .28 


With the skulls there wert' found numerous limb bones and vertebra* 
of some animal or animals of about the size indicated by the skulls, and they 
may belojig to Bolosaurus, but as they were found in a bone bed, and as the 
remains of several small specimens of Clepsydrops were found in the imme¬ 
diate vicinity, it seems hardly profitable to describe them until further 
evidence has been obtained. 

The affinities of this small (,'otylosaurian are evidentjy with the Pari- 
otichida* rather than vith Chclydosauria, but it differs from the Pariotichida 
in the presence of but a single row of te<*th on the lower jaw and in the pres¬ 
ence of cusps on the teeth. The swollen base of the teeth strongly resemble 
those of Paniijhts coimdus Cope, but that form is much larger and the teeth 
are without cusps. Bolosnuriis is evidently a representative of a family of 
the Cotylosaiiria which was just assuming the habit of an luu'bivorous dit't. 


PJXPLAXATION OF Pl^TE XLVIII. 


Upjx*r jav of Bdosanrus, No. 4321, Am. Mus.. Cope Coll. A, cxtenud view; h, 
internal view; c, inferior view. Enlarged four diameters. Photo, by A. E. Anderson. 
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Article XXIX.-- THE CHARACTER OF THE WICHITA AND 
CLEAR FORK DIVISIONS OF THE PER^IIAX RED 
BEDS OF TEXAS. 

By E. C. Case. 

The Red Beds eommoiily reckoned as Permian in Texas are separable 
into three main divisions, the Wichita, Clear Fork, and the Double Mountain. 
The lower two of these, only, carry any vertebrate remains and pretty closely 
within the limits of Wichita, Baylor, Archer and Willbarj^er Counties, 
though th(MX* have been bones found north in the vicinity of the Wichita 
Mountains and alon^ the north line of Oklahoma. 

During the summers of lSi9(>, 190d, aiul 1900 the author worked in these 
beds collecting vertebrate* fossils and gave considerable attention to an 
attempt to unravel tlie stratigraphy of tlie region in order to more definitely 
locate the horizons of tla* animals discovered. This matter proved to be of 
vi‘rv gr(‘at complexity because of the discontinuity of tlie layers and their 
rapid (*hange in character; but 
t he ol)st‘rvat ions of 1 hree yea rs 
make it possible to offer a 
tentative arrangement of the 
strata. It is very (‘videiit 
that this region, like the 
Lower Permian of Africa and 
India, the Ecca and Tak hir 
formations, is largely riv(*r- 
deposited material in some 
old delta or on some shallow 
tidal coast. The source of 
the material was jirelty cer¬ 
tainly the elevation to tin* 
north now represented by the 
Wichita ]\Iountains. 

The bulk of the beds in all 
three divisions is a fine red 
clay, but this is interspersed 
with beds of sandstone, con¬ 
glomerate and impure limestone. The lowermost, the Wichita division, is 
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largely clay, but the Clear Fork has a iimch more varied character. The 
Clear Fork plainly represents a period when the seas were more shallow 
than in the preceding and the deposits were made on wide flats, in relatively 
confined channels with swift currents or in wide lagoons. There is a total 
absence of invertebrate fossils from the sandstone and clay in this division, 
the few shells that have been found coming from the thin layers of impure 
limestone; a few ferns have been collected from the layers of fine sandstone. 
As in the other divisions the Clear Fork is largely made up of thick beds of 
bright red clay, which is commonly filled with nodules and concretions but 
at times is very pure and free from any foreign matter. Running through 
the beds of red clay, however, are thin layers of sandstone which appear and 
disappear, thin out and change to a conglomerate or a clay in a most con¬ 
fusing manner; these layers are of small extent and thickness; they cxhil)it 
crossbedding to a remarkable degree and are fr<‘(|uently much bent; it is 
evident that they are the ^Aork of local currents intruding without any regu¬ 
larity into the deposits of clay. The red clay itself changes in color and 
composition in a most surprisingly siiddcui manner, all shades of blu(‘, gray, 
buff and yellow following each other, and the chang(‘s take place almost as 
rapidly horizontally as vertically. The thickn(‘ss of the layers of ( lay is also 
subject to most sudden and surprising chang(‘s, ranging from a few feet to 
twenty or thirty. It is only by the closest observation that it is possible to 
determine whether one of the^t‘ beds of sandstone' is but a small bit deposited 
by a local current or a j>ortion of one of the more })c*rsistent layc'rs which 
may be traced over the region. 

The lower divisions in Wichita and Archer C’oimties are more nt'arly 
horizontal, but in Willharger ( ounty they dip decidedly to the south and west. 
The presence of locally hanIt'r layers which have ^^eathered out into shelves 
and flat-topped hills makt* this very a})parent. 

Among the numerous beds of sandstone* which are dispt'rsed among 
the clays there are a few which set'iu to be fairly persistent througli the 
region. The upper one of thc'se, separating thiek Ia^ers of red clay which 
lie above and below it, is a sandstone varying from a few inches inthickne.ss 
to many feet, and ranging in color from a bright bliu* through all tht* shades 
of brown, yellow and bufl* to a brilliant red. In some places it is very 
massive and evt'ii weathers out into rounded concretionary masses from 
five to twenty feet in diameter, but this may change in a few rods to a thin 
and shaly condition with })ronounced crossbedding. From its prominent 
development ne ar tlie little station of Fulda on the Wichita Vallcw railroad 
this layer of sandstone may be called the Fulda sandstone. Near this place 
it is quite massive and nearly twenty feet thick in places; it lies directly 
upon the clay beneath and disappears from the surface beneath the over- 
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lying layers a few miles east of the town of Seymour in Baylor County. In 
the valley of Godlin Creek and the portions of tlie valley of the Little Wichita 
near the mouth of Godlin Creek this sandstone terminates below in a layer 
of conglomerate which separates it from the clay beneath. This con¬ 
glomerate is compo.sed of small pebbles not larger than a bean and presents 
a uniform appearance wherever it occurs. The sandstone above is almost 
entirely devoid of fossils, hardly a fragment having been found in it, but the 
conglomerate is frequently so filled with bones that it forms veritable bone 
beds, and in many places isolated bones and water worn fragments may be 
literally shoveled up from the surface. 

Below the Fulda sandstone is a considerable thickness of clay, commonly 
red above and gray b(*low, but frequently showing the most brilliant and 
variegated shading.s. Running through the clay at irregular intervals are 
thin layers of shaly sandstoiu*; the.se are always strongly crossbedded and 
are frequently sJiarply bent. '^FInw are separated in many cases by decided 
unconfonnitie.s from th(' (‘lay above and below, but this seems rather due to 
th(‘ action of a pretty swift current which eroded a channel in the clay in 
which tlu* .sandstone was later deposited than to represent any considerable 
time interval between the two deposit.s. Frequently the clay is interrupted 
b\ beds of pebbly conglomerate formed of small iron and clay-iron con- 
cn‘tions about the size of a bean or smaller. The position of this layer is 
very indefinite and it varies widely in thickne.ss; in some places it is far 
below’ the base of the Fulda sandstone and in others it rises mucli nearer to 
it. N(*ar the mouth of (h)dlin Creek this layer becomes several feet in 
thickne.ss and rises until it e(un(‘s in contact with the conglomerate at the 
base of the Fulda sandstone. The.se ill defined layers of uncertain extent 
lying in th(^ clay evidently n^present the po.sition of transitory currents in an 
ordinarily quiet lagoon or ov(‘r the tidal flats of a wide delta. As additional 
evidence of the later fact it may be stated that it is almost exclusively upon 
or in the.se thin layers of sandstone and conglomerate that the vertebrate 
remains are found below the level of the Fulda sandstone and conglomerate; 
fossils of an exceptional degree of pre.scrvation arc sometimes found in the 
clay but their occurrence is .so rare that not more than one or tw o specimens 
w ill be found in a summer’s search. The remains wdiich are found on or in 
the sand layers W’cre evidently wiished there by currents from a distant 
shore and they art* generally more or le.ss imperfect, having been di.spersed 
by the action of the current or by predatory animals, while those found in 
the clay were evidently animals which mired down on w’ide mud flats oi 
w^ere drifted out on the surface of the stagnant lagoons. 

Above the Fulda sandstone there is a considerable thickness of clay 
w’hich is in many places bright red but on the south side of Godlin Creek is 
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bright blue with inclusions of sulphur yellow clay stone; this shades 

into a red above and is capped by a layer of limestone which covers the hills 
over a good many sc[iiare miles. This limestone, from its uniform thickness, 
is called in my notes, the “six inch” limestone. Just south of Fulda the 
stone is dark brown in color and filled with colonies of wonn cavsts; it is very 
hard and has determined the level of a broad shelf which borders the valley 
of the stream and li(‘s in blocks on the top and slopes of this shelf like an 
artificial pavement. Further to the west and north this stone becomes 
more shaly and changes through l)ulf to pure white. It finally disappears 
beneath a red and gray clay dij)ping a few degrees to the west and south. 
Locally this stone changes into a conglomerate bearing invertebrate and 
even a few vertebrate remains; in one place, just south of Fulda there is a 
bed of limestone very similar to this but at a lower level and of small extent; 
it is only a couple of inches thick and contains an enormous number of 
small amphibian bones. 

Further north, on the south side of the Big Wi(‘hita, this limestone is 
pure ^\hite and is represented by several layers separatt*d by a fev inchivs of 
gray clay. At one point exiiinined, a few miles back from the river and a 
couple of miles east of the Seymour-Vernon road, there is a thin layer of 
limestone not over a couple of inches thick, which brok(‘ up into lu^arly 
perfect cubes so that, as it lies washed clean on the suHace, it }>resents the 
appearance of a })erfe(*t mosaic; below this are a few inches of gray linuw clay 
and then the main be<l of limestone, \\hich here, as further east, is uniformly 
about six inches thick and lies like a pavement on the slopes of the hills. 
A third la\er of limestone presents at this point a most beautiful series of 
mud cracks. This limestone forms the fioor of the fonl where the Seymour- 
Vernon road crosses the Big Wichita Kiver. 

Going we.st from this locality the limestone disappears beneath a bed of 
gray and re<i clay filled Avith concretions which r(‘aches a thickness of 20 to 
30 feet. At the upj)cr limits of the clay lies one of the most p(‘rsistent layers 
of the region; this is a bed of hard, jH‘bbly conglomerate from six inches to 
a foot in thickness and varying in color from a dark to light but having 
through most of its extent a deep purplish red color, which is very charac¬ 
teristic. This is one of the most rea<lily determined levels of the region anil 
may be called the Wichita conglomerate. Above the conglomerate lies a 
great bed of massive sandstone reaching in some place.s a thickne.ss of a 
hundred feet; the color is in general red but it chang<*s locally to brilliant 
shades of orange, yelloAv and blue. This bed of massive .sandstone produces 
a very marked change in the topograjdiy; to the east of the Seymour-Venion 
road the hills are Ioav Avith broad shelves on the sides but to the west, where 
the sandstone appears, the hills are high and steep-sided, standing out in 
isolated mesas. 
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rfhowiiig the different layers at loealities marked on the map (Fig. 1, p. 657). Numbers refer to thickness in feet. 
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To the north of the Big Wichita River the sandstone becomes thinner 
in places and is sliarply crossbedded; it even gives place to clays locally. 
The tops of the high hills art* marked by a thin layer of white shaly lime¬ 
stone which is perhaf)s the lowest member of the next higher group, the 
Double Mountain. 

No invertebrates have been discovered in the upper bods, and the posi¬ 
tion of the vertebrate remains is much less easily determined but, as further 
east, they seem to occur on or in layers of shaly sandstone or conglomerate 
lying at irregular places in the clay. The Wichita conglomerate seems to be 
completely bari*en, as is the massive sandstone above, excei)t where the 
sandstone exhibits lo(*al phases of a congloineritic* character. Some few 
bones have been found in the gray clay just above the six-inch limestone. 

The whole formation seems to be very clearly the result of rivcT deposi¬ 
tion, either in the form of a vide delta or in very shallow water. With little 
doubt the material was derived from the dt'gradation of the C)uchita Moun¬ 
tain mass, which was u})lifted at the end of the rarboniferous and, perhaps 
more specifically, from the Wicliita Mountains which lie directly north of 
the region. 



'.56.81.7Z( 115.76.4) 

Article XXX.- ADDITK )N AL DKSCKIPTIOX OF THE GENUS 
ZArRAC'llYS COPE. 


By E. C. Case. 


During the past .suniiner, ItKKi, the author collected in the upper portion 
of the Clear Fork di\ision of the Permian, in AVilJharger County, Texas, the 
anterior portion of the skeleton of a small amphibian, referabk* to the genus 
Zalmchytf Cope, and doubtfully to the .species apicalls. This specimen, 
No. 473(), consists of the shoulder-girdle, ten anterior dorsal vertebrie with 
ribs and ov<‘rlying dermal ])lates, other ribs, and the forelegs and foot of a 
small adult amphibian not exceeding two feet in length. The exact horizon 
is unknown as the s])t*cim(‘n was found in the bottom of a small wash, 
but it evidently came from the upper part of the (dear Fork beds, above the 
Wicliita Conglomerate. 

ddie genus Zciirarhifs was d(‘.'>cribed by (V)pe in 1S78 ' from the characters 
of the .skull alone. Of the four species of this genus distin¬ 
guished by Cope, .srrru/a.v, apiralls, conchigrriis and micro 
fhalmn.s^ apical I,s' is tlie onl\ on(‘ in which the vertebne or 
other portions than the .skull were knowm or considered, 
d'his .s])ecies was de.scribed in ISM,- as follow\s: “The 
summits of the neural spines an* expamled and the .superior of^iiVunii 
faces of the expansion are tubenmlar and have a median adi's! ui\\'- 
]n*ominence. The ex])ansions are .sometimes large, resem- 
bling the dermal bones of the crocodiles, and in that ca.se the median 
prominence i.s a keel. On the .smaller expansions the latter is a mere 
apex. There are narrow’ flat bones which 1 sup])ose to be neural sj)ines 
which are ornamented with inosculating ridge.s. A capitular head of the 
diapophysis is coinpress(*d. Tla* intercentra are well ossified, tho.se pre¬ 
served with a latiu’al notch. Inferior surface w ith crow’ded small 



fo.ssa?, giving a delicate reticulate relief.“ 

In PJOr) *^ the author de.scribed a fragment of a dorsal spine 
rai^*^spint* ^of from Texas under the name Z. crucifer. This consi.sted of a 
^ucijer!^Halt iicarlv iierfect muiral .spine 54 mm. in height with the sides of 

natural size. , ‘ . i i • / r»\ 

the apex extended in cro.ss arms (see rig. 2). Ihe upper sur¬ 
face of tlie spine is very coarsely rugose, with deep pits. 

From the above it is evident that the genus Zatrachp.s is a very uncertain 


1 Proc. .Xin. Pliil. Soc., Vol. XVII, p. 523. 
»Ani. Nat., Vol. XV. p. 1020. 

3 Journ. Gt*ol.. Vol. XI, p. 390. 
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Outline drawiup showing tlie bones 


assemblage but it seems better to hold the specimens together under this name 
than to disperse them under different generic names on uncertain grounds. 
Zatrachys was one of the armored amphibians which developed during 

Permian in the North American 
continent. Two others now known 
fr developed the same character. Of 

\|! these Dlsitorophm was very perfectly 

|| \ protected, the whole back being 

^ covered by a series of dermal plates 

/ corresponding in number to the ribs 

X ^ W covering the animal as the plates 

armadillo cover that mammal. 

\ other, Trimerorhachis, was sup- 

l plied with numerous strong dermal 

plates hut as yet the plates have not 

Fig. 3. Outline drawing showing tlie bones » r * i * •. * .l 

ofieftsideof Za<raf;ti^«flpiW/8t?)in No.4736. been discovered in position, so that 
Ci., clavicle; rW., deitrhum; scapuJa; </»., vi. ^ x • 

dermal plate; n»., neura spine; r^. ribs of the neither their arrangment nor extent 18 
anterior dorsal region. Half natural size. known 

Description of the specimen .— The shoulder-girdle is complete but the^ 
bones of the right side are in part covered by the bones of the right leg and 
foot which have bcicn throvm up and back in process of fossilizing. 

The scapula resembles that of Eryops; the shaft is elongate and slightly 
broadened at the distal end. There is a deep and well formed cotylus but 
there is no trace of separate coracoid, prcK'oracoid or epicoracoid. 

The interclamcle is roundly shield-shaped, without any posterior pro¬ 
longation. On the center of the low'er face there is a prominence with 
articular edges for the inner edges of the clavicles. 

The clavicles have the anterior end flat and roughly diamond-shaped 
with thin edges. The lower part of the inner edge articulates 
with the prominence on the loww face of the interclavicle 
and the upper part of the edges met above the articulation 
with the interclavicle. The shaft is bent at an angle of about f 

45® to the anterior end. The section of the clavicle is like a yy 

capital L turned on its side. The long part of the L lies ^ 
horizontally and the short part is turned downward and da^cief iowe^r 
covers the outer edge of the cleithrum. The distal, end urai’size. 


reaches nearly to the posterior end of the scapula. 

The cleithrum. The posterior end is thin, wide, and closely applied 
to the surface of the scapula; it quickly contracts to a narrow shaft, at the 
some time gaining thickness until it stands as a narrow and high ridge on 
the surface of the scapula near the upper edge. The anterior end extends 
ad far forward as the cotylus of the scapula. 
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The humerus has the form common to the amphibia of the Permian; 
the distal and proximal ends stand at 
an angle of about 45® to each other, 
and a strong deltoid process and ridge 
reach nearly to the middle of the shaft. 

There are well developed ect- and 
entepicondylar processes but no ente- 
picondylar foramen. 

The radius and ulna are well de¬ 
veloped but the articular ends do not 
show particular characters. The 
proximal and distal ends of both 
bones are rather widely expanded. 

The foot There are six of the 

car[>al elements preser\^ed, seemingly bon^ onhe^lght^side^or^^^^ 

in position. BetW'een the distal ends cieltlmim; «cp., scapula; ft., humerus; ro., 
« 1 . II • radius; ulna; n«., neural spine; K., rib 

of the bones is a small intermedium; pf the anterior dorsal region; r*. ribs of the 

at the distal end of each is a larpr Ha» natural 

element in the }x>sition of the racliale and ulnare. The foot is somewhat 

turned so that the bone which lies at the end of the ulna may be either the 

ulnare or the centrale 2. Below the intermedium is a good sized bone, the 

centrale 1. The radial digit is relatively long, and there is a stout metacarpal 

and three phalanges. It is not certain that the last phalanx 

is the tenninal one as the end of the digit is obscured by 

' matrix. The other digits cannot be exposed without injuring 

the specimen. 

i The vertebral column. There are 10 anterior dorsal verte- 
Fig 8 Ante- preserved. The anterior six have the dermal plates 
neurai^^i ine ^ of position, the posterior four have lost them. The 

an ante^or^dpr- centra of the vertebrse cannot be made out but the neural 
section of ovct- arches are all free and there is little doubt that the general 

in position. Half form is similar to that of TriTnerorkachis. There are well 
natural size. , 

developed anterior and posterior zygapophyses and from the 

base of the posterior one a narrow, winglike process extends downward and 
outward for the head of the rib. This process was attached solely to the 
neural arch. The neural spines are stout and strong with the apex 
expanded and rugose. The expansion of the apex of the spine in the 
posterior vertebree is more nearly circular, but even here the lateral e^ges 
are more extended than in the fore and aft edges. In the anterior vertebrae 
the sides become widely expanded, the projections extending outward and 
downward and meeting above in an angle, like an inverted V. 
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Each of the anterior six vertebrie has the neural spine overlain by a single 
dermal plate in the form of an inverted V closely conforming to the apex of the 
spine and closely applied to it. The two sides of the plate meet in an angle 
of 120® to 130° but there is no median ridge nor any trace of a suture to 
indicate that the plates were originally sepamte. The plates overlap each 
other from before* backward and did not extend laterally far beyond the 
extension of the n(*ural spine; the upper surface is rugose with deep pittings. 
There is no trace of any lateral plates overlying the ribs, and the condition 
of the wspecimen is such that if plates had existed they would very lik(*ly have 
been preserved. The distal ends of the scapula and the cleithrum lie under 
the edges of the dermal plates, and it is likely that in life they nearly touched 
the edges of the neural spines. 

The ribs attached to the vertebne have a slender single head but al)out 
a centimeter below the proximal end there is d(‘velo}>ed a thin triangular 
process which extends backward over the next following rib, and the point 
even reaches nearly to the second rib following. Below this j)roces.s the ribs 
are flattened for some distance but gradually assume the round(*d fonn again. 
In more posterior ribs, ]K*rha))s j)osterior dorsals, the head of the rib is 
widely expanded and thin; it contracts rapidly, and about a centimeter 
below the head there is given off a process to the rear as in the anterior 
ribs, but now the j)ro<ess is very slender and slants inward a.s w(*Il as 
backward. Tlie rib is flatt<*ne<l proximally, mor* rounded distally. 


Mvamrvmvytts. mni. 

Length of the huTncn^'^ 54 

Length of the radius 41 

Length of the sciijMila (ap]>roximate) 60 

Length of an anterior dorsal rib 45 

Length of a posterior dorsal rib ,S5 


This animal .shows a simple phase of the armor assumed by the amphi¬ 
bians, probably in correlation with the development of the powerful dentition 
of the Dimetrodonts. The po.sition of the plate.s in Trlmerorhachis is un¬ 
known, but they were large an<l probably lateral in position; Dissorophus 
well desersTd Cope's name of a “batrachian armadillo’*; in Zatraehys the 
armor wa.s just beginning, perhaps, and wa.s limit(‘d to the mid-dorsal line, 
the development of proce.sscs on the ribs, and the flattening of the ribs 
themselves must have been something of an clement of defense. In neither 
Z, apicalis nor Z rrurifer are the dermal plates known; their existence is 
inferred from the condition of the neural .spine.s which are sculptured with 
the same sort of pittings as occur in the .specimen here described. It may 
be that the spines were unprotected by plates, in which case it will be nec- 
cessary to give this form a new generic name. 
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Article XXXl.-TllE FUX(;US~(il{()\VING ANTS OF NORTH 

AMERICA. 


By William Mokto.v Wheeleu. 


PI.ATES XLIX-LIIT. 


IXTRODCtTIOX. 

Amon^ tho inultitiulinoiis aotiviti(\s of insect.s, none are more marvellous 
than the fungus-gro\N in^ and fun^u.s-eatinf:; hahits of the Attiine ants. Not 
only are these hahits of interest as a most unusual specialization in diet — 
for all ants Mere originally and many are .still exclusively entomophagous — 
l)Ut the succe.ssful cultivation of su(*h delicate plant.s as fungi presupposes 
an astonishing range ami complexity of ada})tation even for these very 
j)lasti(’ ins(‘cts. Idiis statement will he endorsed hy tho.se M’ho have tried 
to obtain [)ure cultun's of fungi either in tli<* hot-house or the laboratory. 
Besides the .selection of proptu- culture media and the accurate regulation 
of temperature and moisture, eK(|ui.site precautions have to l)e taken to 
exclude the germs of alien species. The Attii are able to achieve all this and, 
what is e(|ually remarkable, at l(*ast tivo other grou[)s of insects, namely, cer¬ 
tain Old World termites and the “ambrosia beetles'’ (Tomicine S(‘oh^idte) 
(d’ both hemis])heres, have indejxuidently <leveloped analogous habits. 

"Fhe fungus-groM'ing ants all belong to a .single Mynnicine tribe, the 
Attii, and all the species of this tribe are fungu.s-groMX'rs. They arc, more¬ 
over, c'onfined alnio.st (*\chisivcly to tropical and .subtropical America, only 
a, single species b(‘ing knovn to range as far north as New Jersey. And 
since a few others o(’cur as far south as Argentina, Me may .say that the 
geographical <listributioii of the tribe extends from 40° north to 40° .south of 
the equator. About one hundred species, subsjwios and varieties of Attii 
have been de.scribed and have been di.stributed among various genera and 
.subgenera, as folloMs; 


Genus Afta Fabricius. 

Subgenus Atfa seu.>.u stri(’to, including: A, cephalotcs L. M’ith the vars. 
hifca Forel, opnen Foixd, Emery and micijrwr Forel; L., Muth 

the aubsp. voUevweideri Forel; la'vujata F. Smith; columhira (iuerin; 
inmlaris Guerin; jervens Drury; lexaua Buckley. 

Subgenus MwUrr'nis Forel, including: 3/. heperi Fond; sirinfa Roger; 
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silvestrii Emery; bakani Emery; lajidolti Forel; versicolor Pergande with 
the subsp. chisosensis Wlieeler. 

Subgenus Acromyrmcx ]\Iayr, including: A, sublerrane-a Forel; lobi- 
cornis Emer}^ and its var. ferruginea Emery; lumli Gu^^rin; ambigua Emery; 
pubcsccns Emery with the subsp. hmariensis Emery and decolor Emery; 
emilii Forel; ocfospinnsa Reich with the var. echinatior Forel; mculleri 
Forel with the vars. panamensis Forel and meinerti Forel, and the subsp. 
modesfa Forel with the var. andicoJa Forel; rornnata Forel; mcso7wiaUs 
Emery; disrigrra ]Mayr; muticinoda Forel with the var. homalops Emery; 
nigra F. Smith; aspcrsa F. Smith with the var. rugosa F. Smith; laticeps 
Emery; bolivirnsis Phnerv; ihrringi Emery. 

Subgeniis Tnxchgmifrmex Forel, including: 1\ urichi Forel with the 
subsp. fusrn Emery; prnlnosa Emery; sepicntrionalis McCook with the var. 
obsnirior Wheeler; furrifex AVheelcr; arhonrnsi.s Wheeler; jamairensis 
Ern. Andre; saimurcI Vorc\\ sipiamulifrra VAnory; farinosa Emery. 

Subgeniis Mycciasoritis Wheeler, including: M. harfmanni Wheeler; 
aspera Mayr. 

Subgenus Mi/rorepfirus I^irel, ineliuyng: 3/. goldH Forel, smithi Forel 
with the vars. foltcra Wheehu’ and borhupicncnsis Wheeler. 


Genus Cifpltomynnex Mayr. 

C. rirnosxis Spinola with the subsp. minutus Mayr, salrini Fond, 
deniatus Forel, //•u//.veer.va.v Emery ami oUndanus Forel, and the vars. major 
Fond, fnsca flmerv and comalrnsis Wheeler; parallel us Emery; o///or Forel; 
auritus Mayr; morschi Emery; simplex P^mery; sfrigatus Mayr; xrheeleri 
P'ortd; kirbgi ]\Iayr; faridus Pergande; championi Forel; foxi Ern. Andre; 
bigibbosiis Phnerv. 


Genus Mgrmirorrgpfa ¥. Smith, 

M. squamosa F, Smith; dllareria Forel >\ith the subsp. comw/r/ P'orel; 
subnifida Forel; godmani Ford; briiUmi Wheeler. 

Crenus Sericomyrwex Mayr. 

S. opacus Mayr; aztecus p\)rel; saussurei Emery. 
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Genus Aptrrostigma Mayr. 

A. pilosum^l&yr; seutel/are For A; mop/leri Foivl; wasruavni Fore\; nrichi 
Forcl; mayri Forel; col/are Emeiy; rohuftium Emery. 

The various subgenera included under Atta sensu lato will probably be 
raised eventually to generic rank. The siibgenus Aita comprises the leaf¬ 
cutting or parasol ants, the largest and most powerful species of the tribe, 
living in great colonies and inhabiting the territory' between 30® north and 
30® south of the equator. The workers are highly polymorphic and much 
smaller than the males and females. The colonies of the species of Mwllrrius 
and Aci'omyrmex are much less populous, and the workers, though variable 
in size, do not exhibit such inark(‘d polymorphism as those of Aita s. str. 
In Trachymyrmcx and the remaining snbgenera the workers are mono- 
niorphic and but little smalkn* than the male.s and females, and the colonies 
are even feebler than those of Aeromyrmex, Myeetosoritls and Myrorepurus 
aiv in certain respects transitional to the gc'iiera Cyphomyrmex and ^lyr- 
mieorrypfa, and s})ecies of tla* last show affinities with Srrieomyrmex. Apie- 
rostiytna is very aberrant, resembling in form certain Myrmicincs of the 
subgcnera Aphaiioyastvr and L^ehnomyrmex, The workers of Atta are 
covered with stiff, erect or subercct, hooked or curved hairs, and the sur¬ 
face of the body is tubcrculaie or spinose. In Cyphomyrmex the body is 
smoother and covered with short, appressed, scale-like hairs. In Seriro- 
myrmex an<l Apterostiyma the hairs are soft, flexuous and very abundant. 
With few exceptions all the Attii have the surface of the body ot)aque and of 
a ferruginous, brown or bla<*kish c<)lor. All the species, moreover, though 
very powerful and able to make surprisingly extensive excavations in the 
soil, arc‘ very slow and .stolid in their movements. The sting of the workers 
is vestigitd, but in the larger species the sharj) jaws may be used as most 
efficient organs of defence, l^he Miudler species are extremely timid and 
when roughly hamlled '‘feign death” like Curculionid beetles. In all the 
species the hard, rough or spinose inleguinent must afford efficient protec’tion 
from alien ants and other eiuMiiies. 

Owning to the labors of Forel, Emery and INIayr our knowledge of the 
taxonomy of the Attii is probably as sati.sfaetory as that of any other groups 
of exotic ants. As much cannot, however, be said of our knowledge of the 
habits. Since all the Attii live in intimate symbiosis with fungi, a com]>lete 
study of the habits of these insects requires the diligent cooperation of th( 
entomologist and botanist. Hitherto the botanists, notably Alfred iMoeller 
and Jakob Huber, have contributed the most accurate observations. As 
neither the botanists nor the entomologists of North America have shown 
any very serious interest in the Attii, I need not apologize for publishing the 



072 


Bulletin American Museum of Natural History, [Vol. XXIII, 


following pages. Tliougli these contribute little towards a solution of many 
of the outstanding ])rohleiiis, they nevertheless contain a number of observa¬ 
tions that may be of permanent inteivst and value. My attention was first 
attracted to these ins(*cts several years ago while I was sojourning in Texas. 
It was, in fact, the sight of a leaf-bearing file of Atta texaria, moving along 
the bank of Barton Crec'k near Austin, one sultry afternoon in September, 
that first kindled niy interest in the habits of ants. I postponed publishing 
my notes on this and other s})eeies, hoping to have an opportunity to study 
a greater number of forms in the heart of the tropif's, but as there is no 
immediate pros[)eet of my b<‘ing able to continue the work in these regions, 
I have decided to publish my obs(Tvations as they stand. The present 
article is divided into four parts, namely, a resumf* of the writings of previous 
students of the Attii, a taxonomic revision of the known North American 
members of the grouj), including a few from Mexico ami the W<\st Indies, 
an account of my own observations on these same forms, and a general 
consideration of some of the main problems involved in the study of the 
fungus-growing instincts not only in the Attii but also in the termites and 
ambrosia beetli\s. 


P\RT I. Historickl. 

The large leaf-cutting ants of the genus Atta s, str. an* such conspicuous, 
widely distributed, and <lestructivc insects in tropical America that tlu*y 
must have been only too familiar to the indigtau’s and the early settlers in 
those regions. I'hat these tints figured prominently in the Indian mytholo¬ 
gies is indicated by a passage in the Po])ul Vuh, a collection of (jiiatemalan 
traditions to which my friend ]Mr. F. Bainlelier has called my attention.^ 
This collection was mtide by Dominican friars, ])robably during the middle 
or latter half of tla* sixteenth century. The following myth refers to the 
larger species of Affa which are km)W*ii to collect the jxtals and whole fiow'crs 
as w^(‘ll as the leav(‘s of pknts. The mythical young men, Himahpu and 
Xbalanqii^, had be<*n taken in ambush and required by their captors, Hun- 
Canic and Vukub-(\imc to fetch four vasevs of certain flowers as a test, and 
to forfeit their lives in oase of failure. “Thus they stayed in the House of 
the Lances during tin* night, when they called on all the ants: “Cutting 
ants and zampopos,- come and together fetch the flowers designated by 
the princes.” 

1 Popul Vuli. LuTe Sacif" I't h s Mylhe.s Re P Antiquity? Anieric-aine avec Llvres H^^rolques 
et Histonejues <ies C^ijicUC'a, par f/ Ahhi'* Brasseiir <le Hourbour. Paris, Aug. Durand, 1861. 

^ Zanic IS the gont'ric iiriTue of th»* ant. ('hemien-zunic is a liirKf* ant wliich govs aiiout at 
night cutting the stvrns of vvgvtai»l<s and tender flowers, us if with scissors. Its name among 
the Hispano-Guatemalan freoples iji zampopo, fCoiumentutor'snote.; 
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‘‘Vciy well/^ they replied. Then all the ants set out to fetch the flowers 
of the garden of Hun-Cam^ and Vukub-Cam^. These had apprised the 
guardians of the flowers of Xibalba in advance: ‘^As to you, give heed to 
our flowers; do not let these two young men, whom we have taken in ambush, 
carry off any of them. Where else could they go to get those we have desig¬ 
nated? There are none elsewhere. Watch closely therefore throughout 
the night.*'— “It is well," they replied. 

“But the sentinels of the garden heard nothing of what was going on. 
In vain they went about, walking on their legs, among the branches of the 
trees of the garden, and re[)eating the same song. “Xpurpurek, Xpurpurekl 
sang one.— “Puhuyu, puhuyu!" repeated the other. 

“Puhuyu was the name of the two sentinels of the plantations of Hun- 
Cam4 and Vukub-Cam6. But they did not notice the ants stealing away 
what had been committed to their charge, going and coming in innumerable 
hordes, cutting down the flower beds, moving along with the flowers which 
they bore away in their jaws above the trees, while under the trees the 
flowers exhaled a sweet odor. 

“Meanwhile the sentinels kept shouting with all their might, without 
noticing the teeth that were sawing at their tails and wings.^ There was a 
harvest of flowers mown down by their jaws and borne all odoriferous by 
their jaws into the House of the Lances. 

“Very soon the four vases were filled with flowers, and they were quite 
full when the day dawned. Soon thereafter the mes.sengers came to seek 
them. “Let them come," said the King, “and let them bring forthwith 
what we have demanded," said they to the young men. 

“Veiy well," said they. Thereupon they proceeded to fetch the four 
vases of flowers. Then, having presented themselves before the king and 
the princes, these took the flowers whose sight it was a pleasure (to behold). 
Thus were thovse of Xibalba tricked. 

“It was the ants alone who had been dispatched by the young men, and 
who in a single night had carried away all the flowers and placed them in 
the vases. At this sight all the (princes) of Xibalba changed color and their 
faces paled on account of the fiow^ers. 

“Then they sent the men to seek the guardians of the flowers: ‘‘Why 
did you permit our flowers to be stolen. Are these not our own flowers 
which we here behold ? " said they to the guardians.— “ We did not notice 
anything, my lord. They did not even spare our tails," they replied. Then 
they split the lips of the guardians, to punish them for having permitted the 
theft of that which was committed to their charge. 

‘ The commentator states that he is unable to understand this allusion. The guardians 
are evidently conceived as birds, as shown by the above reference to tbeir “walking on their 
legs," although this is not clearly stated till the end of the passage. 
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‘‘It was in this manner that Hun-Cam6 and Vukub-Cam6 were van¬ 
quished by Hunahpu and Xbalanqu^, and this was the beginning of their 
labors. Thenceforth, too, the Purpueks had their mouths cleft, and cleft 
they are to this day."' ^ 

I am also indebted to jMr. Bandelier for the following extracts from the 
early historians of the Conquest. Gonzalo Fernandez de Oviedo y Valdes 
in his ‘Historia de las Indias’ (1535) gives an account of the pernicious ants 
and termites of Espanola (Santo Domingo). Among the former are certain 
species “which do very great damage throughout the island, in the planta¬ 
tions, destroying and burning up the cane and oranges and other useful 
plants.’* These ants must have been the large species of AUa^ probably 
A. insularisy which does great damage to plantations also in the adjacent 
island of Cuba. 

P. Bernab^ Cobo, in his ‘Historia de Neuvo Mundo* (1653) also describes 
a number of noxious ants in Santo Domingo. He says: “There is another 
kind of large ants which the Chiriquan Indians call Iczau, and it is these 
which eat the trees and whose young, when newly hatched, are called Icza, 
and are eaten by the Indians.’* These Iczau are evidently the virgin females 
of Atta. They are a'so eaten by the Brazilian Indians who call them Ifas, 
according to von Ihering (1894). Cobo seems to be the first author to record 
the use of the heads of Aita soldiers by the Indians for surgical purposes: 
“They use a certain species of the said ants, because they bite severely, for 
closing wounds instead of stitching them w ith a needle. This is done in the 
following manner: they bring together the skin of the two sides of the w^ound 
and apply these ants, w’hich bite and hold the tw o sides or lips together and 
then they cut off the insects* heads, which remain attached to the w’ound 
with their mouths or mandibles as firmly closed as they were in life.** 

Specimens of the large Atiw were, of course, taken to Europe by the 
early travelers. Seba (1734-35) gives a good figure of a soldier of A. 
cephalotes or sexdens which found its way into his collection. Linn6 de¬ 
scribed both of these species, and they were also known to Fabricius and 
Latreille. The latter authors, apparently misled by the accounts of Mile. 
Merian (1771), confounded the habits of these ants with those of the “founnis 
de visites,” or Ecitons, 

The first naturalist to publish observations on any of the North American 
Attii w^as Buckley (1860), who studied the habits oi Atta texana at Austin, 
Texas. He w^as evidently under the impression that this ant eats the leaves, 
berries, etc., which it carries into its nests. He unearthed some of the 

' Here the eua^ians pasB into the domain of fable; they become night birds, the one called 
Purpuek, the other Puhuy, winch is a species of owl; at the present time the former Is pronounced 
Parpuek. (Commentator's note.) 
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nests and describes the '^soft grey spongy substance, apparently leaves, 
finely triturated and mixed with an animal secretion,'^ found in the chambers. 
This ‘^animal secretion'* was undoubtedly the web of fungus hyphce which 
binds the leaf particles together. 

Bates (1863) in his classical ‘Naturalist on the Amazon* gives an excel¬ 
lent account of Atta cephalotes, one of the ants called “Saubas** by the 
Brazilians. He dcvscribed the extensive earthworks of this species, “large 
mounds of earth of a different color from the surrounding soil, which W’ere 
thrown uj) in the plantations and woods. Some of these were very extensive, 

being forty yards in circumference, but not more than two feet in height. 

The difference in color from the superficial soil of the vicinity is owing to 
their being formed of the subsoil, brought up from a considerable depth.** 
He describes the manner in which the ants cut out pieces of leaves and the 
ensuing damage to cultivated trees and shrubs, and believes that “the leaves 
are used to thatch the domes w hich cover the entrances to their subterranean 
dw^ellings, thereby protecting from the deluging rains the young broods 
in the nests beneath.*’ This erroneous inference W’as derived from seeing 
the workers “troop up” and cast their pieces of leaves on the hillocks of the 
ne.st where some of them are often covered by the earth brought up by the 
excavating workers. Bates also records the following observation to show 
the extent of the subterranean burrows of the Sauba: “The Rev. Hamlet 
Clark has related that the Saiiba of Rio de Janeiro, a species closely allied 
to ours, has excavated a tunnel under the bed of the river Parahyba, at a 
place wiiere it is as broad as the Thames at London Bridge. At the Magaory 
rice mills, near Para, thc.se ants once pierced the embankment of a large 
rt‘.servoir: the great body of water which it contained escaped before the 
damage could be rejiaired. In the Botanic Gardens at Para, an enterprising 
French gardener tried all he could think of to extirpate the saiiba. With 
this object he made fires over some of the main entrances to their colonies 
and blew the fumes of sulphur down the galleries by means of bellow’s. I 
saw^ the smoke issue from a great number of outlets, one of which was 70 
yards distant from the place wdiere the bellows were used.** This ant not 
only does great damage to the foliage but also plunders stores of vegetable 
provisions such as farina or mandioca meal in houses at night. Bates 
observed the division of labor among the castes although he did not accurately 
define the soldier, or w^orker major. From the fact that the latter are often 
seen to be simply stalking about, he concluded that their “enormously large, 
hard and indestructible heads may be of use in protecting them against the 
attacks of insectivorous animals. They wwld be, in this view, a kind of 
‘pieces de resistance,’'serving as a foil against onslaughts made on the main 
body of w^orkers.” Had Bates undertaken to excavate a large colony of 
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these ants he would soon have discovered that these soldiers have a very 
important function to j^erforin in the active defenc’c of their fellow ants. 

lincecum in 1807 recorded a number of observations on Atta iexana 
which, like his other publications on ants, arc a strange jumble of truth and 
fiction. He states rather positively that this ant eats the vegetable sub¬ 
stances which it collects. ^‘In my observations on the habits of the cutting 
ants, I have not discovered them eating anything besides the foliage of 
various plants. Neither have I ever noticed them carrying anything else 
into their cities. Professor S. B. Buckley, who is a very close and accurate 
observer fsici] states that he saw" them carrying hackberries {Celtis occi- 
dentalis) and that they eat insects, tumble bugs, etc... .From the immense 
quantities of leaves collected by them during the autumnal months, which 
are carefully sun-dried and taken into the city, I should feel at a loss to say, 
if they are not intended for winter food, what other use they can put such 
quantities of leaves to; and furthermore, when it is known to be the kind 
of food upon which they subsist.” It is interesting to note that while Liiice- 
cum overlooked the marvellous fungus-niising habits of Aita texana he 
nevertheless attributed to them certain horticultural interests: “The cutting- 
ants plant seeds of various trees, vines and other plants. When they locate 
a city in a bald prairie, which Ls often the case, w’here they cannot procure 
the seeds of trees, they cultivate the prickly poppy {Argemone Mexieana) 
the most appropriate plant for their pur{X)se that grow s in the prairie.... 
When the ants locate a city on some sunny point near the timl)ercd lands, 
they do not plant the poppy, but appear to prt'fer certain trees and vines 
for shade. For this purpose they plant the seeds of the prairie dogwood 
(Vilmmum dentatim)^ Yopon {Ilex vnmitoria), Haekberrv tree {Celtis 
occidentalis), Gum elastic tree (Bumelia Igrioides)^ the mustang grap<^ 
Texana)f Cocculus Carolina and occasionally the prickly ash {Xanthoxylum 
fraxinum),” While there can be little doubt that various herbs, shrubs, 
or even trees may spring up from the s(‘eds collected and dropped by the 
ants on the soil of their nests, it is absurd to say that such seeds an* actually 
planted with an awareness that they will ultimately grow and produce shade. 
Lincecum here repeats the error which he promulgated in regard to the 
harvesting ants of Texas {Pogonomyrmex molcfaeiens), 

Norton (1868) gave a good general descrij)tion of the Mexican Attn 
fervens, but made no observations on its fungus gardens. 

In 1870 B. 11.Townsend studied A.texana at Austin, Texas. Concern¬ 
ing the leaves collected by this ant he says: “These leaves are conveyed 
through these underground passages to their homes and deposited in one of 
their chambers, and, I prc'sume, they secrc‘tc some substance that they put 
with the leaves, for if a handful of the leaves is taken in the hand and squeezed, 
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a ball is made very much resembling coarse bees wax, and when dried is as 
liard as diy putty. I judge the leaves by their decay produce a gentle heat, 
or, at least, maintain a uniform temperature whereby the eggs arc hatched. 
Formerly it was suggested that these leaves constituted a store of food, but 
such is not the case. Whether they feed upon vegetable or animal food I 
cannot say.’* 

A new epoch in the study of the fungus growing ants was inaugurated by 
Belt in 1874 in his interesting volume, 'The Naturalist in Nicaragua.’ He 
was the first to sunnise the use to which the leaves, etc., arc put by the species 
which he studied (probably A. eephalotes). As his work has become rather 
rare, I quote the pertinent passages in full: "Notwithstanding that these 
ants are so common throughout tropical America, and have excited the 
attention of nearly every traveller, there still remains much doubt as to the 
use to which the leaves art* put. Some Naturalists have supposed that they 
use them directly as food; others, that they roof their underground nests 
with them. I bf'lieve the ri'al use they make of them is as a manure, on 
which grows a minute species of fungus, on which they feed; — that they are, 
in reality, mushroom growers and ('aters. This explanation is so extraor¬ 
dinary and unexjx'cted, that I may be permitted to enter somewhat at length 
on the facts that led me to adopt it. When I first began my warfare against 
the ants that attacked my garden, I dug down deeply into some of their 
nests. In our mining operations we also, on two occasions, carried our 
excavation.s from below uj) tlirough very large formicariums so that all 
their underground workings wem exposetl to observation. I found their 
ne.sts below to consist of numerous rounded chambers, about as large as a 
man’s head, connected together by tunnelled passages leading from one 
chamber to another. Notwithstanding that many eolumns of the ants 
were continually carrying in the cut leaves, I could never find any quantity 
of these in the burrows, and it was evident that they were used up in some 
w^ay immediately they were brought in. The chambers were always about 
three parts filled with a speckled, brown, flocculent, spongy-looking mass 
of a light and loosely connected substance. Throughout these masses were 
numerous ants belonging to the smallest division of the workers, which do 
not engage in lcaf-carr}dng. Along with them were pupfe and larvae, not 
gathered together, but dispersed, apparently irregularly, throughout the 
flocculent mass. This mass, which I have called the ant-food, proved, on 
examination to be composed of minutely subdivided pieces of leaves, withered 
to a brown color, and overgrown and lightly connected together by a minuH* 
white fungus that ramified in every direction throughout it. I not only 
found this fungus in every chamber I opened, but also in the chambers of 
the nest of a distinct species that generally comes out only in the night-time. 
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often entering houses and carrying off various farinaceous substances, and 
does not make mounds above its nests, but long winding passages, terminat¬ 
ing in chambers similar to the common species and always, like them, three 
parts filled with flocculent masses of fungus-covered vegetable matter, 
amongst which are the ant-nurses and immature ants. When a nest is 
disturbed, and the masses of ant-food spread about, the ants are in great 
concern to carrv' away eveiy" morsel of it under shelter again; and some¬ 
times, when I dug into a nest, I found the next day all the earth thrown 
out filled with little pits that the ants had dug into it to get out the covered 
up food. When they migrate from one part to another, they also carr}’^ 
with them all the ant-food from their old habitations. That they do not 
eat the leaves themselves I convinced myself, for 1 found near the tenanted 
chaml^ers, deserted ones filled with the i*efuse particles of leaves that had 
been exhausted as manure for the fungus, and were now left, and served as 
food for larvje of Staphylinidcr and other beetles. 

‘‘These ants do not confine themselves to leaves, but also carry off any 
vegetable substance that they find suitable for growing fungus on. They 
are very partial to the inside white riiul of oranges, and 1 have also seen 
them cutting up and carrying off the flowers of certain shrubs, the leaves of 
which they have neglected. Tliey are very particular about the ventilation 
of their underground cham!>ers, and have numerous holes leading uj) to 
the surface from them. These they open out or (‘lose up, apparently to 
keep up a regular degree of temperature below. The great care they take 
that the pieces of leaves they carry into the nest should be neither too dry 
nor too damp, is also consistent with the idea that the object is the growth 
of a fungus that requires particular conditions of temperature and moisture 
to ensure its vigorous growth. If a sudden shower should come on, the 
ants do not earn' the wet pieces into the burrows, but throw them down 
near the entrances. Should the weather clear up again, these pieces are 
picked up when nearly dried, and taken inside; should the rain, however, 
continue, they get sodden down into the ground, and are left there. On 
the contrary, in dry and hot weather, when the leaves would get dried up 
before they could be conveyed to the nest, the ants, when in exposed situa¬ 
tions, do not go out at all during the hot hours, but bring in their leafy 
burdens in the cool of the day and during the night. As soon as the pieces 
of leaves are carried in they must be cut up by the small class of workers 
into little pieces. I have never seen the smallest class of ants carrying in 
leaves; their duties appear to be inside, cutting them into smaller fragments, 
and nursing the immature ants. I have, however, .seen them running out 
along the paths with the others; but instead of helping to carry in the 
burdens, they climb on the top of the pieces which are being carried along 
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by the middle-sized workers, and so get a ride home again. It is veiy 
probable that they take a run out merely for air and exercise. The largest 
class of what are called workers are, I believe, the directors and protectors 
of the others. They are never seen out of the nest, excepting on particular 
occasions, such as the migration of the ants, and when one of the working 
columns or nests is attacked; they then come stalking up, and attack the 
enemy with their strong jaws. Sometimes, when digging into the burrows, 
one of these giants has unjicreeived climbed up my dress, and the first inti¬ 
mation of his presence has been the burying of his jaws in my neck, from 
which he would not fail to draw the blood.’* 

During his study of Aitwm the province of Rio Grande de Sul, Brazil, 
Fritz Muller appears to have reached independently the same conclusion 
as Belt. A letter directed to Charles Darwin and published in ‘Nature’ 
during 1874 contains the following remarks: “As to the leaf-cutting ants I 
have always held the same view which is proposed by Mr. Belt, viz. that they 
feed upon the fungas growing on the leaves they carry into their nests, 
though I had not yet examined their .stomachs. Now I find that the con¬ 
tents of the stomach arc colorless showing under the microscope some minute 
globules, probably the .spores of the fungiis. I could find no trace of the 
vegetable tissue which might have l>een derived from the leaves they gather; 
and this I think, confirms Mr. Belt’s hypothesis.” 

Although observations on the habits of the Attii continued to he pub¬ 
lished from time to time the sugge.stions of Belt and Muller were either over¬ 
looked or ignored for nearly twenty years. In his studies on Atta texana, 
which, like those of Buckley, Linceeum and Townsend, were carried on at 
Austin, Texas, McCook (1879a, 1879i>, etc.) accurately described the formi¬ 
caries and fungus garden.s. He found the nests to consist of several chambers 
or pockets, sometimes a.s much as 2 ft. 10 inches long, 12 inches broad and 
8 inches high. The fungus gardens within these chambers are correctly 
de.scribed as “ma.sse.s of a very light, delicate leaf-paper wrought into what 
may be properly called ‘combs.’ Some of the ina.sses were in a single hemi¬ 
sphere, filling the central part of the cave, others were arranged in columnar 
masses 2^ inches high, in contact along the floor. Some of these columns 
hung, like rude honeycomb or wajsp ne.sts fi*om roots which interlaced the 
chambers. The material was in some cases of a gray tint, in others of a 
leaf-brown. It was all evidently compo.sed of the fibre of leaves which 
had been reduced to this form within the nest, probably the joint action of 
the mandibles and salivaiy^ glands. On examination they proved to l>c 
composed of cells of various sizes, irregular in shape, but maintaining pretty 
constantly the hexagon. Some of the cells were one-half inch in diameter, 
many one-fourth inch, most of them one-eighth inch, and quite minute. 
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Large circular openings ran into the heart of the mass. Some of the cells 
were one inch deep; they usually narrowed into a funnel-like cylinder. 
Ants in great numbers, chiefly of the small castes, were found within these 
cells. In the first large cave opened were also great numbers of larvpe. 
The material was so fragile that it crumbled under even delicate handling, 
but a few specimens of parts of the ant’s comb, with entire cells, were pre¬ 
served and exhibited.” Although McCook knew of Belt’s opinion that 
these masses of triturated leaves sen^e merely as a culture medium for the 
growth of edible fungi, and even .saw the film of hyplne, he rfcvertheless 
preferred to interpret the latter as “only what might have been expected 
under such environment,” and expressed the belief “that the ants feed 
upon the juices of leaves.” He fully appreciated the extraordinary ex(*a- 
vating powers of A . texana. “ The ability of these emmet masons to excavate 
vast halls and subterranean avenues is remarkable. Several holes in the 
vicinity of Austin were visited, out of which ‘beds’ or nests of ants had been 
dug by an old man who used to follow the business of ant killing. These 
holes were nearly as large as the cellar for a small house. One such exca¬ 
vation, about three miles from Austin, was 12 feet in diameter and 15 feet 
deep. At the lowest point had Ix'en found tlie main cavity, quite as large 
as a flour barrel, in which were found many winged insects, males and 
females, and quantities of larvje. This nest was situated 669 feet from a 
tree that stood in the front yard of a house which the ants had stripped.” 
McCook examined and reconstructed the tunnel excavated by the ants in 
order to reach this point and found that although its course varied from 
18 inches to 6 feet below the surface it deviated little from a direct line and 
gave off a couple of branch tunnels to a peach orc;hard 120 feet distant. 

In 1(S80 Morris studied the habits of a small Attiinc ant {Trachymyrmex 
septenfrionalis) which he had discovered near the village of Tom’s River 
on Bamegat Bay, New Jersey. During December of the same year McCook 
communicated this discover}^ to the Philadelphia Academy of Sciences and 
during the following year (18S1) Morris published his own observations in 
the ‘American Naturalist.’ Both authors regarded the fungus-gardens as 
subterranean “combs” adapted for incubating the brood. Morris saw 
the ants carry in and incorporate into their fungus gardens the leaves of 
seedling pines, the flowers of cow wheat {Melampynim americanurn) and 
“the droppings of certain larva? that feed on oak-leaves.” The nest is 
descril)ed by both authors and figured by McCook as consisting of two 
spherical chambers, one above the other and conne<*ted by a short gallery. 
The entrance was oblicjue and about 2 inches in length. The upper chamber 
was li inches in diameter, the lower 3 inches. The former was empty, the 
latter contained the “combs” suspended from rootlets that had been left 
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intact while the ants were excavating the chamber. Morris’s description of 
these combs” is more accurate than McCook’s. 

Brent in 188G described the nesting habits, etc., of the large Atta cepha- 
hies of Trinidad: ” A good sized mango tree, at least as large as an average 
apple tree, I saw stripped of every leaf in one night, and greater feats than 
this are recorded of these ^ Founni Ciseaux,’ as they are called by the Creoles.” 
Brent gives a diagram of the nest and describes a tunnel leading from the 
lowermost fungus-chamber to a still lower level. He ” invariably found 
this lower tunnel wherever the inclination permitted its construction” and 
has “no doubt that it is construc*ted as a drain, and that the ants know as 
much about the advantage of thorough drainage as they have been proved 
to know, by many eminent observers, of those of other sanitary matters.” 
Some of the chambers of the nest are described as 3 feet in diameter. lie 
mentions Amphisbfcnians as living in the nest and eating the ants. In 
regard to the use to which the leaves are put, Brent says: “A solution of 
arseniate of soda was next sprinkled upon orange leaves, which w^ere strewn 
upon the nioun<l. These were eventually cleared away, although at an 
immense sa(*rifice of life. This points, I think, to the true ant food, since 
unless the juices of the leaves as they were sawed up were swallowed, the 
poison would have no <*ffect. This idea is strengthened by the fact that 
fiery and .strongly aromatic plants as well as those with poisonous, milky 
juices are carefully avoided. No solid food is found in the crops of the insect 
at any time, but if these an* examined after the insects have been engaged in 
leaf-cutting, they are found full of green leaf juice.” Later he says: “The 
larvfe ai*e emlnMlded in a soft woolly mattt'r which proved to be the finely 
ma.sticated parenchyma of the leaves. Thus a u.se was found for the leaves, 
although it reflec'ts .seriously upon the supposed sagacity of the ants that 
they should procure so many more than are required for the puq>ose.” 

Emery (1890) appended a brief ethological note to his de.scnption of 
Acromyrmex hmdoUi of Caracas, Venezuela. Simon wrote him that “this 
ant makes extensive formicaries with .several entrances, each surmounted 
by a column or chimney of straws 10-15 cm. high, in which lives a large 
spider of the genus Cfen us. Simon never saw the ants carry in pieces of 
leaves like Attn sexdens and lielieves that they confine themselves to collect¬ 
ing pieces of dried grasses.” 

Observations on A, eephalofes in Trinidad were resumed in 1892 by 
Tanner in two important pa|>ers, which, owing to their publication in an 
obscure serial, have been overlooked by subsequent students. He was the 
first to study Attii in artificial nests and to prove that not only the adult ants 
but also the larvce feed on fungus hyphs?. In his first paper (1892tt) he 
describes the manner in which the workers triturate the leaves: “Each 
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forager drops the portion of the leaf in the nest, which is taken up as required 
by the small workers, and carried to a clear space in the nest to be cleaned. 
This is done with their mandibles, and if considered too large it is cut into 
smaller pieces. It is then taken in hand by the large workers, who lick it 
with their tongues. Then comes the most imj)ortant part, which almost 
always is done by the larger workers, who manipulate it between their man¬ 
dibles, mostly standing on three legs. The )>ortion of the leaf is turned 
round and round between the mandibles, the ant using her palpi, tongue, 
her three legs and her antennie while doing so. It now becomes a small 
almost black ball, varying in size from a mustard seed to the finest dust shot, 
according to the size of the piece of the leaf that has been manipulated. The 
size of the pieee of the leaf is from J by ^ of an inch, to i by \ of an inch. 
I do not w’ish it to be understood that only one class of workers manipulate 
the leaf, for all seem to take to it verj^ kindly on emergency. Even the 
smallest workers w ill bring their tiny ball to w'here the fungus bed is being 
prepared. The.sc balls, really pulp, are built on to an edge of the fungus bed 
by the larger w orkers, and are slightly smoothed down as the w^ork proceeds. 
The new’ surface is then planted by the smaller workers, by slips of the fungus 
brought from the older parts of the nest. Each plant is planted separately 
and they know exactly how’ far apart the plants should be. It sometimes 
looks as if the plants had been put in too scantily in places, yet in about 40 
hours if the humidity has been properly regulated, it is all evenly covered 
with a mantle as of very fine snow’. It is the fungus they eat, and w’ith small 
portions of it the w’orkers feed the larvfe.’^ 

In his second paper, published the .same year (December, 1892), Tanner 
describes the eggs and larva* of A. cephuhtes and the method of feeding the 
latter, together w’ith certain observations which go to show’ that workers 
lay eggs capable of develoj)ing into other workers or even queens. The 
eggs become enveloped in a “pearly white fluffy growth.” The larva? which 
hatch from these eggs “are usually placed on the top of the nest and are 
con.stantly attended by the smallest w’orkers — the nurses — w^ho separate 
them into divisions according to their size. At first it seemed a mystery, 
how’ these minute grubs could be fed .so sy.stematically, knowing that each 
individual larva was only one among so many, yet certain it was, that all 
were equally attended to. Further observations showed that nature had 
provided most effieiently for them to ask for food w^hen they required it. 
This the larv’se do by pouting their lips; at this notification of their require¬ 
ment the first nurse w ho happens to be passing stops and feeds them. The 
nurses are continually moving about among them with pieces of fungus in 
their mouths ready for a call for food. The nurses feed the minute larvae 
by merely brushing the fungus across their lips show’ing that the spores 
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alone are sufficient for its food at that period of its life. But it is not so 
when the larvee have increased so much in size, that the pout can be seen 
without a glass, for then the whole piece after having been manipulated by 
the nurse’s mandibles into a ball, in the same manner as the leaves are 
served, when they are first brought into the nest, is placed in its throat and 
if that is not sufficient the pout continues when the next one and even the 
next passing proceeds with the feeding, till the pout is withdrawn, showing 
that it is satisfied. No further notice is then taken of it by the feeders, until 
it agains asks for a meal by pouting later on in the day.” 

In 1893 a nephew of the celebrated Fritz Miiller, Alfred Moeller, who 
was given a grant of 5,000 marks by the Berlin Academy of Sciences for 
the purj>ose of studying the habits of the Attii at Blumenau in the province 
of Rio Grande do Sul, published the most important of existing works on 
these insects and their rt‘lations to the fungi which they cultivate. He 
studied several species of Atia belonging to the subgenus Acromyrmex (dis- 
cigera, coronata, octospinosa, rnwlleri) and of the genera Apterostigma {pilo^ 
sum, mmUeri, wasmanni, and an undetermined sj^cies) and Cyphomyrmex 
(auriius, strigaius). A. oefospinom and discigera, which nest in the woods, 
form tnmeated cones of dead leaves and twigs, beneath which they excavate 
a single chamber containing a large fungus garden sometimes IJ meters long. 
A. mmlleri has similar habits, but roronain resembles the species of the sub¬ 
genus Atfa s. str. in forming s<‘veral chambers, each with its own fungus 
garden. In all of these s]x*cies the garden is built up on the floor of the 
chamber in the form of a loose sponge-work of triturated leaf-fragments 
pemieated with fungus hypha^ which he describes as follows: “Over all 
|>ortions of the surface of the garden are seen round, white corpuscles about 
J mm. in diameter on an average, although some of them are fully J mm. 
and sometimes adjacent corpuscles fuse to fonn masses 1 mm, across and 
of irregular form. After a little exjierience one learns to detect these cor¬ 
puscles with the naked eye as pale, white points which are everywhere abun¬ 
dant in all the nests. Under the lens they sometimes have a glistening 
appearance like drops of water They are absent from the youngest, most 
recently e.stablished portions of the garden, but elsewhere uniformly distri¬ 
buted, so that it is impossible to remove with the fingers a particle too small 
to contain some of the white bodies. I call the.se the ‘kohlrabi clusters’ 
of the ants’ nests. They con.slitute the principal, if not the only food of 
the species of Atta” These clusters are made up of the *‘ heads of Kohlrabi,’’ 
which are small terminal dilatations of the hyphae of a spherical or oval form. 
Moeller confirmed Belt’s observations on the solicitude of the ants for their 
gardens, and showed that these iasects in artificial nests will completely 
rebuild these structures wdthin 12 hours after they have been disintegrated 
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or scattered. He also saw the ants eating the fungus and w’as able to satisfy 
himself that the different species of Atta will eat the Kohlrabi from one 
another's colonies but not that of Apterostigrna or Cyphomyrmex. He 
gives the following interesting description of the way in which the leaves 
are comminuted by the workers. “The manipulation of tlie pieces of 
leaves is the same in all the Atta species and the following description holds 
good unifonnly for all of them. The ant first cuts the leaf it has brought 
in through the middle and then busies itself with only one of the halves, 
cutting off another piece, and so on. When the piece of leaf AYhich it has 
retained is sufficiently small so that it can be turned round and round be¬ 
tween its fore-feet with the aid of its jaws, it is felt of on all sides and turned 
in all directions as if the insect wished to g(‘t a clear idea of its form. Then 
an even smaller piece is cut off and this is repeated, till the piece that is 
retained is hardly longer than the ant's head. The rejected pieces are 
picked up by other workers and treated in the same manner. Then the 
ant holds the little piece Ix^tween its fore-feet with the shar|) edge directed 
towards its mouth and begins to pinch its edges at short intervals around 
the circumference without ever cutting through the substance. The piece 
thus manipulated shows fine, radial ridges under a good lens. The surface 
of the leaf is also abraded with the points of the mandibles, wounded, so to 
speak, so that it soon becomes soft. Then the ant kneads it with the feet 
and again inserts her jaws into the pellet thus formed in order to mould it 
thoroughly. Again and again the jaws close upon the pellet while the feet 
press it and place it in a new position, and again it is kneaded. This ma¬ 
nipulation is carried on with great care and deliberation, and I have several 
times observed that an ant will spend a quarter of an hour in making such 
a pellet. W hen it has become a .soft mass, the worker takes it in her jaws 
and seeks a suitable spot for it in the portion of the garden that is just being 
built. Once I saw an ant that had found such a spot, actually jab the pellet 
into the garden with a jerk of her head and a simultaneous ofxming of her 
jaws, and then carefully pat it down with her fore-feet. Another time a 
worker laid her pellet in a breach of a newly erected circular wall, and then 
shook and pushed it into the depression, like a mason setting the la.st brick 
in a fresh layer of mortar. During all of this 'work, the antennee are contin¬ 
ually moving and palpating the pellet just as they an* while the ant is feed¬ 
ing." Into the new material thus added to the garden the fungus hyphae 
grow very rapidly. By afternoon pellets built in during the morning hours 
have become penneated in all directions with mycelium. Belt supposed 
that the smallest workers or minims comminute the leaves and build up 
the fungus gardens. According to Moeller, how^ever, this is the office of 
the mediae, as the leaves are too thick to be manipulated by the smallest 
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workers. The latter have another function, namely that of weeding the 
garden and keeping down the growth of spores belonging to alien fungi. 
Moeller emphasizes the remarkable fact that the gardens are pure cultures 
although the hairy, rough-bodied workers must be continually bringing into 
the nest all sorts of spores and bacteria. It is probable also, that the minims 
are instrumental in producing the “kohlrabi heads’’ as these arc not devel¬ 
oped when the mycelium is grown in artificial culture media apart from the 
influence of the ants. He summarizes the results of this portion of his 
studies in the following words: “All the fungus-gardens of the Atta species 
I have investigated, are pervaded with the same kind of mycelium, which 
produces the * kohlrabi clusters’ as long as the ants are cultivating the 
gardens. Under the influence of the ants neither free aerial hvphae nor 
any form of fruit are ever developed. The mycelium proliferates through 
the garden to the ('om])lete exclusion of any alien fungus, and the fungus 
garden of a nest represents in its entirety a pure culture of a single fungus. 
The fungus has two diffeituit forms of conidia which arise in the garden 
when it is removed from the influence of the ants. The hyphee have a 
very pronounced tendency to j)roduce swellings or diverticula, which show 
several more or less jx'culiar and clearly differentiated variations. One of 
tlicse w^hich has presumably reache<l its present fonn through the influence 
of cultivation and selection on the part of the ants, is R‘presented by the 
^kohlrabi heads’.” 

A number of cxj>crimcnts wert* undertaken by Manlier for the purpose 
of ascertaining the behavior of the fungus in the absence of the ants. Under 
these conditions he found that the mycelium produces aerial hvphee, the 
“kohlrabi clusters” and “heads” disappear and soon the fungus bi-eaks 
up into masses of bead-like conidia. “As long as the ants are active in their 
garden, there is never either in it or in its immediate vicinity the slightest 
trace of an alien fungus, and, under these circ*umstanccs, the mycelium j)er- 
vading the ganlen never produces aerial h^ha? or conidia.” If, however, 
a few of the ants happen to be left in the garden, the development of aerial 
hyphffi is retarded, and though Mceller did not observe the process dirt‘ctly, 
he is certain that these hyphie must be bitten off by the ants as soon as they 
make their appearance. “A relatively very small number of workei*s suf¬ 
fices to restrain the groA^th of the aerial hyphse. But if the number is too 
small, the aerial filaments begin to appear sporadically. The ants arc 
unable to move about in the dense growth of sprouting filaments and have 
to beat a retreat Ixffore the mpidly rising liyphal forest. This, however, as 
soon as it has acquirt^d a little headway, proliferates mightily, and it is an 
amazing sight to behold the |X)or insects, tirelessly active till the last mo¬ 
ment, fleeing before their own food-plant. If some of the larvae and pupae 
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are still present, they are iwsciied. The last resort is the vertical wall of the 
glass, up which the insects creep and where they huddle together, while over 
the wide plain of the garden the fungus proceeds to the conidia-producing 
stage/' 

Moeller next undertook to determine the systematic position of the fungus. 
He naturally supposed that the discoverv’^ of the fruiting form would show it 
to be an asco- or basidiomycete. Although he failed to raise either of these 
forms from his mycelial cultures he succeeded on four occasions in finding 
an undescribed agaricine mushroom with wine-red stem and pileus growing 
on extinct or abandoned Acromyrmex nests. From the basidiospores of this 
plant which he called Roziies (jonyylophom, he succeeded in raising a myce¬ 
lium resembling in all respects that of the ant gardens. Three of the species 
of Acromyrmex did not hesitate to eat portions both of this mycelium and 
of the pileus and stem of the Roziies. He believed therefore that he had 
definitively established the sjK'cific identity of the fungus cultivated by the 
ants. 

The species of Apierosiiyma investigated by Moeller usually nest in 
cavities in rotten wood which is often also inhabited by other insects. The 
fine wood castings and excrement of these insects are used by the ants as 
material with which to construct their fungus-gardens. A. wasmanni con¬ 
structs the largest nests, and it is only in the gardens of this species that the 
mycelium produces structures analogous to the “kohlrabi heads" and 
“clusters" of Acromyrmex. The heads, liowever, are (*lub-shaped instead 
of spherical dilatations of the hypha'. As it produces only irregular swellings 
on the h}"phie Moeller believes that Apterosfigma represents a much lower 
stage in fungus-culture than the species of Acromyrmex. The Apterosfigma 
are, however, very adaptable since they readily collect caterpillar excixunent 
or even farina and incorporate these substances into their gardens. Mcellcr 
states that all the species of this genus cultivate the same fungus, which 
must be a distinct species as the ants will not eat the fungus grown by .rlero- 
myrmex. The gardens of piUhsum^ maileri and another undetennined 
Apterosfigma, which live in small colonies of only 12 to 20 individuals, arc 
suspended from the roofs of the small cavities, 3 to 4 cm. in diameter, in 
the rotten wood and exhibit a |)eculiar structure not seen in other Atfii. 
“The garden is often completely, or at least nearly always in great part, 
enclosed in a white cob-wxrb-like membrane. It was often possible to obtain 
a view of uninjured nests of A. pilosim that had been excavated in clefts 
of the rotten wood. In such ca.ses the envelope enclosed the w^hole fungus 
garden like a bag with only a single orifice or entrance. The envelope is 
attached in a pendent position to the surrounding wood, roots or particles 
of earth by means of radiating fibre.s, and this explains w'hy the gardens 
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are so easily tom asunder while the nest is being uncovered.'^ Even in 
captivity these ants persisted in hanging their gardens to the sides of the 
glass dishes in which they were kept. ‘"Microscopical examination shows 
that the envelope consists of the same, loop-like hyphee as the remainder 
of the garden. Such a structure cannot be produced by the fungus except 
under extraneous influences. We must assume that the ants bring about 
the development of the envelope, that they direct or coerce the growth of 
individual hyphae with their antennje or fore legs, spread them out into a 
layer and bite off the recalcitrant hyphae that grow out from the surface.’' 
Mteller succeeded in cultivating the mycelium of the Apterostigma gardens 
ill artificial media, but he failed to obtain the fruiting stage. He believes, 
however, that the fungus is a basidiomyeete. 

The two species of Cyphomyrmex obsened by ]\Ioeller were found nesting 
under bark or in rotten wood like Apterostigma. The largest gardens 
of C. strigatm are only (S cm. long, whereas those of C. auritus may attain 
a length of 15 cm. and a breadth and height of 5 cm. These gardens are 
never pemdent and never enclosed in a mycelial envelope. In other respects 
they resemble those of A pterosiigma and are grown on the same substrata. 
The heads ait* developed as long, irregular swellings in the hyphie and 
therefore represent a more primitive and imperfect stage than those of 
Acromyrmex. Although he was unable to obtain the fruiting stage, Moeller 
nevertheless believed that the fungus of the species of Cyphomyrmex is 
different from that cultivated by the ants of other genera. He concludes 
his paper with a few interesting notes on the breeding habits of the Attii. 
The eggs of Acromyrmex are laid in masses and embedded in loosely woven 
hyphff* which enable the ants to carry them about in packets. The pupie, 
too, are often enclosed in hyphte, but this is not the ca.se with the larvae which 
are kept clean and shining. 

In 1894 von Ihering, in an intere.sting paj)er on the ants of Rio Grande do 
Sul, records a nuinV>er of observations on Attii sexdens^ MosUerius 

striaius, Acromyrmex lundi, niger and Cyphomyrmex morschi). His general 
account of the nests of A. sexdem agrees with that of preceding authors 
who have studied the large Affa^ s. str., and comprises also an interesting 
observation quoted from a former paper (1882) on the importance of these 
insects in i*eversing the position of earth strata: “A piece of pasture land 
had been marked off by a recently excavated ditch several feet deep. The 
soil in this place, as generally in the surrounding country, consisted of sand. 
Beneath this in many jX)rtions of the region there was a stratum of heavy 
red clay at a depth of four feet or more. What attracted my attention in 
this ditch was the fact that here the clay lay uppermost in a layer about 1 dcm. 
thick. The explanation of this condition was not the result of geological 
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but of zoological investigation, for closer inspection soon showed that the 
ants are responsible for the inversion of the normal position of the strata. 
It was the work of Aita sexdens. It is very doubtful whether such an 
enormous task can be accomplished by any insects except the large species 
of Von Ihering observed the marriage flight of A. sexdens and the 

digging of the nests by the recently fertilized females, an instinct mani¬ 
fested even by individuals w’hosc gasters have been bitten off by birds. 
A. sexdens extends southward in Brazil only to the Cebus-line (latitude 30®) 
The nests of Acromyrmex lundi are excavated to a depth of 50-60 cm. 
and consist of a single chamber with a cubic capacity of i to 1 litre, in older 
nests 5 to 10 times as groat. This cavity contains a single fungus garden 
and is connected with the surface by means of a large horizontal or tortuous 
gallery 1-2 m. long. From the nest-entrance, branching, well-worn roads 
lead off over the sin*face often to a distance of 40 m. and further, and it is 
along these that the ants travel to and from the grasses which they cut down 
together with their green seeds. This ant carries the exliausted portions 
of the fungus garden out of the nest and deposits them on a refuse heap. 
The same is true of Mollerius striaius. This species clears the ground of 
vegetation around its nest entrance which is surmounted by a crater. Like 
A, lundi it collects pieces of grass, flowers, leaves, ete. A, niger nests in 
thickets between the roots, wliere it excavates its nest at some distance 
from the entrance. It does not confine its cutting operations largely to 
grasses like lundi and sfriatus but attacks many other plants and is therefore 
of greater economic importance. 

Cyphomyrmex morschi nests in the soil, where it excavates a chamber 
about the size of an orange and containing a fungus garden of leaf detritus 
covered with mycelium. The entrance is surmounted by a circular crater. 

Von Ihering is one of the few who have considered the question of the 
origin of the fungus-raising instincts of the Attii. His remarks on this 
subject will he considcrt*d in the concluding portion of this article. 

Urich, in two papers published during the same year (1895a, 18955) 
records a number of observations on several of the Attii of Trinidad (Affa 
sexdensy A, ceplmlotes, Acromyrmex octospinosus^ Trachymyrmex uriehi, 
Sericomyrmex opacus, Apterostigma urichi, A, mayri and Cypltomyrmex 
rimosus). His account of the large species of Atta adds little of interest to 
that of previous authors. On two occasions he found the dealated females 
of Acromyrmex octospmosus “working ju.st as hard and engaged in the same 
occupation as the neuters, viz: cutting leaves and carrying them to the nest. 
They all issued from the same nest and therefore could not have been 
mothers of new colonies.” He “also noticed that several females lost their 
wings in the nest without any marital flight, although a few 'weeks later the 
winged ones swarmed out in the usual way on a damp evening.” 
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The nest of Trachyviyrmex urichi is “excavated in clayey soils and 
never anywhere else. It consists of one chamber at about the depth of 
a foot and is never directly under the entrance hole, but always on one 
side at right angles and about 9 inches away from it. It has a habit of carry¬ 
ing the particles of earth which result from its mining operations a little 
way from the entrance hole, say about a foot, and deposits them in a small 
conical heap. .. .These ants also cultivate a fungus and if it is not Rozites 

gongylophora it is very much like it-Any roots of plants going through 

the ants’ chamber are not cut away, but are made to susix^nd their mushroom 
gardens which are in their case regular hanging gardens.... They are noc¬ 
turnal in habits and when disturbed sham death.” They “seem to like 
small fallen flowers and the fruit of various kinds of plants to be found in 
gardens, but at the same time they do not despise rose plants, especially 
the young and tender shoot.s. They are not at all energetic and are very 
slow in their movements.” 

The habits of Apterostigma vrichi are described as follows: “Unlike 
Atfa this sjDecies d(H‘s not excavate its nests but builds them in rotten trunks 
of trees... .They are built in hanging position, i. c., the ants start working 
from the top, but never let the nest touch the bottom of the cavity. Unless 
the garden is quite recent and small it is always enclosed in a delicate white 
covering, which at first .sight looks like fine cobweb, with an exit hole at the 
bottom. The nests therefore look like a more or less rounded ball and are 
never larger than an a])ple. On breaking away this delicate covering a 
small rnu.shroom garden is found consisting of irregular cells in which the 
ants, larvse ami pupie are scattered.” The fungus is similar to that described 
by Mfjpller for the Brazilian species of Apterostigma. “The gardens are 
always ft)und umU*r rotten woo<l and the ants invariably use the excrementa 

of wood-boring insects as a medium for growing their fungus on.The 

colonies of these ants are small, not nuinbering more than 20 or 30 dark 
brown workers, all of about the same size, viz. 0-6^ mm, and with abnormally 
long legs which measure 7~74 mm. without the hip. They are of nocturnal 
habits.” The smaller A, mayri constructs similar gardens in dark cavities, 
not only under rotten wood but also under large stones. It, too, collects 
the excixuncnt of wood-boring in.s<‘cts, but is also fond of fruits or even parts 
of flowers. The mycelium has the kohlrabi aggregated into regular clusters 
and according to Urich ri*pre.sents a more advanced condition than that of 
A . urichi. The ants are nocturnal and sham death for many seconds. 

Urich has also given us the only existing account of the habits of a 
Sericomyrmex (S, opacus). “The nests of these ants are found commonly 
about Port of Spain, in gardens, in the grass as a rule, but sometimes in the 
flower beds, and from their j) 0 culiar raised entrance can be readily recognized. 
[Sept,, im,} ^ 
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They are always excavated in clayey soil, and the raised entrances, which 
are more or less cylindrical, aix^ constructed witli the particles of earth result¬ 
ing from their mining operations and arc about an inch in height. In young 
colonics this entrance leads into a small chamber, about six inches below 
the surface of the ground, situated not at the end of the gallery but either 
to the left or right of it. the colony inen^ases the ants do not enlarge this 
original chamber, but, ])iercing its side, form another chamber near it with 
a small entrance hole. In large colonies, which never consist of more than 
about 200 individuals, a nest consists of two or thix*e chambers which open 
on the original excavation. This is no longer used for growing the fungus 
in, but forms a sort of ante-chamber which generally contains material 
brought in by the ants to grow their inushrcK)ms on, which is deposited here 
and gradually made use of. The chambers adjoining are more or less round, 
with a diameter of about 2 -3 inches, and any small roots of plants growing 
through them are not cut away but used by the ants to hang their mushroom 
gardens on. These fill th(' interior of the chamber and consist of a gray 
spongy mass consisting of a great number of little irregular cells and resem¬ 
bling a coarse sponge, amongst which arcj scattered larva*, pupte and ants. 
The walls of the cells consist of small round pellets resembling dust shot and 
are penetrated by and enveloped in white fungus hyplue, which hold the 
mass together. Strewn thickly upon the surface of the garden are to be 
seen round white bodies about a quarter of a millimeter in diameter. These 
are what Moeller terms “Kohlrabi*’ clumps, and consist of an aggregation 
of h}q)hte with special swellings at their ends. It is on this that the ants 
feed. The fungus found by Moeller in the nests of the Brazilian fungus 
growers (Acroinyrmc.r) is the Roziics gongyloplwra, Moeller, and if it is not 
the same species cultivated by S. opaciis it is, at any rate, very nearly ixlated 
to it. As material to grow their mushrcKmis on the ants make use of particles 
of fruit, flowers, and leaves, but pr'fer fruit. They do well in artificial 
nests, constructed on Sir John Lubbock’s j)lan, and art* easy to watch. I 
have tried them with all kinds of vegetable products; they have taken orange, 
banana, rose petals and leave.s and once they even made u.se of the dried 
glue from the back of an old book lying near their nest, hut that day they 
had nothing else; if the choice be left to them they invariably take fruit and 
seem to prefer the orange amongst these. Very small particles of the white 
skin of the oranges are torn off, and after undergoing a slight kneading 
process in the ants’ mandibles, are planted in the nest. The neuters arc 
all of the same size, varying but slightly and never exceed 4 mm. in length. 
They are more diurnal in their liabits than other species of fungus growers,— 
but also work a little at night. I have found wingc'd forms in the nests in 
the month of July.” 
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Urit'h is responsible for the erroneous statement that Cyphoinyrmex 
rimosus ^^does not cultivate any fungus/’ a statement which has been re¬ 
peated by subsequent writers (Ford, Emer}’). 

In 1896 Swingle read a paper on Trachymyrnwx sepientrumalis (= tardi^ 
grada auct.) before the American Association for the Advancement of 
Science. He says: “In July of this year I examined some colonies of Atta 
tardigradOf which Mr. Pergande had found in the vicinity of Washington. 
The nests are small subterranean cavities, 6-10 cm. in diameter, situated 
from 2 to 15 or 20 cm. below the surface. Some nests have one cavity, 
others two. Almost the whole cavity is filled with a grayish material loosely 
and irregularly (‘onnected together. By watching the ants, it was deter¬ 
mined that they carried into their nests the excrements of some leaf-eating 
insect, lying on the ground under neighboring oak-trees. The same material 
was found to constitute at least a large part of the substance filling the nest. 
Even with a low magnifying lens, tufts of minute sparkling bodies could be 
seen on the fragments of the fungus garden, while the whole mass was 
interpenetrated by the white mycH‘lium of a fungus. Examination with 
higher magnification showed that the glistening tufts were really composed 
of ‘Kohlrabi' even more perfectly spherical than figured by M. Moeller. 
The mature ‘Kohlrabi’ were ver\^ raueh larger than the mycelium below, 
being 22 to 52 /« wide and 30 to 56 /e long, while the sup{>orting mycelial 
threads were only 4 to S n in <lianietcr. There are no septa dividing the 
‘ Kohlrabis ’ from th(* mycelial threads. Tlie whole appearance of the fungus 
is strikingly similar to that found by ^Icrllcr, and it is by no means impossible 
that it will prove to be the same species though the Kohlrabis arc nearly 
twice as large as what he rt'ports.” 

Forel (lS96a-c, 1897, 1899-19006) has recorded a number of obser¬ 
vations on the Aiiii of Colombia (.1. sr,rdms, cephahtes and loevigata; 
Acromyrmex oefospinosm, and spi'cies of Trachymyrmex^ SericoviyrrneXj 
Mycorepurus, and Apterostigma). He excavated one of the huge nests of 
A, sexdens belonging to an extensive colony at Rio Frio (18966). “This 
nest looked like an immature volcano and consisted of a mass of 12 to 20 
fused craters. The whole nest was 5 or 6 m. in diameter and about 1 in. 
high. The largest (median) emter was about 60 cm. in diameter, 28 cm. 
high, and had an opening below of about 3^ cm. The smaller accessory 
nests in the neighborhood (1(X) to 200 steps distant) had only 2-3 craters and 
were much smaller. There arc two kinds of craters; one consisting of sand 
or soil of a gray color and consisting of the excavated earth, the others are 
browui and consist of the rejected and useless remains of the gardens, i, c., 
the portions that have lieen exhausted by the fungi, thrown out in this 
manner in the form of brown pellets. The medium-sized workers arc 
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seen continually coming out of the latter craters laden with brown pellets 
w^hich they cast aside, while into the gray craters a stream of the same kind 
of workers is entering in an almost continuous procession laden with green 
leaves. Some small workers also stand around the openings. On disturb¬ 
ing the nest one is severely attacked by the largest workers. With their 
sharp jaws, worked by enonnous muscles, they can bite so severely as to 
bring the blood; in fact, a small arter}^ in my little finger was severed by 
one of these workers. The wounds w’ere as much as 4 mm. in length. 
Nevertheless Mr. Bradbuiy’, a native and myself attacked the nest with a 
shovel and dug into it deeply. Thousands of the large workers rushed out 
at us. The half-naked Indian ran away and I had to retix^at from time 
to time wdth bleeding hands. But the interior of the nest wxis laid bare. 
This consisted of a number of great caxities, 15 to 20 cm. long and 8-12 cm. 
high and each was nearly ahvays filled with a fungus garden, which looks 
very much like the single garden of the Acromyrmex spi'cies. In the laby¬ 
rinth of this gray to browii garden live thousands of the smallest and medium 
sized workers, together with the w'hole ant brood. Colossal female larvse 
are there found covered with a regular envelo|)e of larvae of all sizes, so that 
they have the aj^pearance of hedge hogs. The workers held fast to the 
larvfe so tenaciously that I could take them in my hands and even kill them 
in alcohol w^ithout their losing their hold....The large species of Atta 
therefore have not only one but hundreds of fungus gardens. The fungus 
chambers communicate with one another by means of broad galleries 2-3 
cm. in diameter. The lower portion of the garden is uniformly light rust- 
red with white fungus patches, whereas the upi)er j)ortion.s are more gniy. 
The dark browm portions seem to repre.sent the residuum. The fungus 
garden is so friable that it h impossible to remove it without destroying its 
form. How the old myth, or non.sen.se, that these Atta sjx‘cies line their 
nests with leaves could have originated and could even be revamped by 
McCook is incomprehensible to me... .All the pupa^ are naked, that i.s, 
not enclosed in eoeoon.s. liie workers have the habit of canning their 
straying sisters exactly like our .sfx‘cies of Formica (the carried ant i.s rolled 
under the head of the (*arrier).” In another place (1899, 19005) Forcl says 
that Acromyrmex octospinoftus carries its sister workers in the reverse posi¬ 
tion, i. e., like Myrviica. lie also describes (18966) ven” briefly the nests 
and distribution of A. cpphalotes and Iceriyata. The latter also has very 
large but deeply subterranean nests. It lives more in the mountains at and 
above an altitude of 1,(KX) m. and so far dowm in the ground that Forel could 
not reach the fungus gardens. Cephalotes is intermediate; its nests are 
nearly as large as those of sexden^ and the fungiis-gardens have a veiy 
similar structure and arrangement. The colonies of ceplialotes and espe- 
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dally of Uevigatay are less populous than those of sexdens. The nests of 
ceffmhtes occur from sea-level to an altitude of more than 1,000 m., those 
of sexdens only in the low-lying regions. 

According to von Ihering (1898) the nest of the Brazilian Atta sexdetis 
differs from that of the Colombian form described by Forel. It consists of 
from one to two dozen chambers, each 25-30 cm. in diameter and 12 to 
15 cm. high, with a flat floor and arched ceiling. Each of these chambers, 
panellas (pots) or praios (plates) as they are called by the Brazilians, has 
one or more, rarely two, galleries entering it at the side and connecting it 
with the other cavities and the vertical shafts leading to the surface of the 
nest. The chambers are i to 1 rn. apart and are excavated at a depth of 
4 to 6 m. below the surface or even lower. The fungus gardens are built 
up on the flat floors of the chambers. Von Ihering found that when the 
nests are inurulatcd the ants at once remove portions of their fungus gardens 
to higher ground. W hen thi.s is impracticable or the inundation is very 
great, the population of the nest forms a ball held together by the closed 
jaws of the workers and enclosing in its interior a portion of the fungus 
garden and probably also the queen. This ball then floats on the water 
till carried ashore, when the ants land and start a new nest out of reach of 
the flood. Von Ihering says that his neighbor took advantage of this habit, 
which by the way is also exhibited by several other tropical ants (Anomma, 
Solenopsis (/erninafay etc.), to free his premises from the leaf-cutting Atfw, 
by rowing about in his canoe, catching up the floating balls and throwing 
them into a bucket of boiling water. Von Ihering also gives an interesting 
account of the /V’a.v, or virgin queens of Atta sexdens. At the time of swarm¬ 
ing the.se arc captured in great nuinlK'rs by the Brazilians. The i<;*a hunter 
stations himself at the entrance of the nest with his feet in a tub of water in 
order to protect himself fmm the savage soldiers and workers, and collects 
the females while they are issuing from the galleries. A successful cat(‘h 
may yield as many as 12 to 20 litres. The gasters of these i^as, removed 
from the thoraces, logs and heads and roasted with salt, garlic and mandioca 
meal are eaten as a delicacy passoca*') in many parts of Brazil. 

Fond (1899-19(X)a, 1901) has also recorded a few notes on the fungus- 
gardens of a colony of Trarhj/mprmex septenirionalis which he observed at 
Black -Mountain, North Carolina, but he adds little to the above cited 
descriptions of ^lorris, McCook and Swingle. Forel (1905) later pub¬ 
lished some notes of Gaddi on the nests of Acromyrmex octospinosvsy the 
fungus gardens of which are built over the stems of plants and fully exposed 
to the air in the damp forests of Para. Two photographs accompanying 
the article show that this fungus garden consists of a number of separate 
portions unlike the single garden which Urich and Forel describe this ant 
as making when nesting in the ground. 
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In 1900 Moreno ])ublished some observations on the Mexican Atfa 
(probably fervens) but these add nothing of value to ^Yhat was previously 
know'n. 

In 1901 I recorded a few notes on Aita fervens and Cifphomyrmex rimo- 
sus dentatus which 1 observed in ]\Icxi(‘o. I was able to convince myself 
that the statements of Urich. Forel and Emery to the effect that the latter 
species makes no fungus-garden, are erroneous. This ant (‘onstructs a 
fungus garden with caterpillar excrement and cultivates a pc'culiar fungus 
consisting of small yt'llow nodules, which have been overlooked by previous 
investigators. More recently (lOOoa) 1 have found that other varieties and 
subspecies of C. rimosus in Texas, Florida, the Bahamas, Porto Rico and 
Culebra have the same habit. In this same ])a|)er I also <Ieseribed briefly 
the habits of Trachymynnex jamnieensis, and in a subseejuent pa})er (IffO.V;) 
also those of T. sepfentrionalis, A fuller account of those* various species 
will be found in the third part of the present article. 

M. T. Took (1900) has very recently .studi(‘d the habits of Atta insular is 
and has published a few no^‘s on the ravages of this ant in the plantations 
of Cuba. 

The j)reccding paragraphs deal almo.st exclusively with observations 
on adult colonies of the Aftii and the con.stitution and care of their fungus 
gardens. As soon as these habits had been demonstrated, the (jU(*stion 
naturally arose as to how the ants first come into possession of the fungi 
'which they cultivate with such marvellous skill and assiduity. Tlu* lal>ors 
of the South Aineri(an naturalists Sainpau>, von Ihering, (i(x*ldi and Jakob 
Huber have supplied the answer to this interesting (question. 

^^ampaio (1S94) on digging up an Atta femak* ten days aft(*r the nuptial 
flight, found her in a cavity with two .small white masses, one consi.sting 
of 50 (K) €*ggs, the other of a filamentous substance which was the young 
fungus garden, though not re<*ognized as such. Three and one half months 
after the nuptial flight he excavated another nest which had an ojK'iiing to 
the surface of the soil. He found numerous workers of three differiait sizes 
bjit all smaller than the c(irresj>onding ca.stes in adult colonit s. They were 
already cutting leaves and had a fungus garden about 30 cubic eentirnt'ters 
in volume. He e.stimated the number of wwkers at 150 to 170, that of the 
larva* and pupa* at about bxO and the eggs at 50. 

The much mon* important observations of von Ihering (1<S9S), including 
his brilliant discovery (J* the method of tninsfer of the fungus culture from 
the maternal to the daughter colony, dc.serve fuller consideration. Accord¬ 
ing to this observer there are repeated nuptial flight.s of the Brazilian Aita 
sexdens from the end of October to the middle of December. These flights 
are e.ssentially like tho.se of other ants. On descending to the earth the 
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fertilized female ‘‘rids herself of her easily detached wings by quick motions 
of her legs and then begins to dig her burrow in some spot more or less free 
from vegetation. This canal is nearly or quite vertical and measures about 
12-15 mm. in diameter. It is so narrow that the ‘I^a’ cannot turn around 
in it, but is comixilled to walk backwards wiienever she returns to the surface. 
She bites off lumps of earth with her powerful jaws, makes them into a 
pellet by means of loosf‘ threa<ls of saliva, brings them up and dej)osits them 
a short distance from the entrance to the burrow. The earth thus brought 
up fonns a circular wall, thickened in front and interrupted Ix'hind, about 
4-5 cm. broad in front and at that point 3 cm. from the entrance. The 
burrow varies from 20-30 cm, in length according to cireurnstances and 
ends in a small latt'rally phu'cd chamber aVx>ut 6 cm. long and somewhat 
less in height. .\s soon as the c hamlxT is completed, the ant closes the up}X‘r 
portion of the l)iirrow to a distance of S-10 cm. from the entrance with 
]>ellets of earth and tliis closure becomes more and more compact in the 
(‘oui’se of weeks, probably through the action of the rain. If the nest l)e 
o])ened in one or two days, the female will be found in the empty chamber 
unchangt*d, only morc‘ lethargic, as if exhausted. A few days later one finds 
near the ant a little j)ack<*( of 2(1-30 eggs undergoing segmentation. Beside 
them lies a flat heap of loose white substance, only 1-2 mm. in diameter. 
This is the earliest rudiment of tho fungus garden. Microscopical examina¬ 
tion shows that it (‘onsist.s of compact masses of the well-known fungus- 
hyphap, but without trac evs of “kohlnibi” corpuscles. As time goes on the 
fungus garden grows rapidly and Ix^comes more voluminous till it reaches a 
diameter of about 20 cm. It seems to consist of closely aggregated spherules 
about 1 mm. in diameter. As soon as it lias attained this size the transparent 
pyriform globules bud out, which Mceller called ‘kohlrabi' and the ant is 
s(‘en to eat them frequently, She al^xays keeps close to the fungus garden 
and in it embeds her eggs. Hlie larger of these soon l>ecome larva*. The 
eggs are not spun over with fungus hypha* but have the chorion smooth and 
shining. Eggs are also found in the interior of the fungus mass, whi(‘h the 
ant keeps ix'arranging and mlistributing from time to time. It was easy, 
for purposes of observation, to transfer the ant to a ternirium. Without 
excavating anew’ she rtunained with her garden on the fresh layer of earth. 
The garden did not grow , but rather diminished in volume, for it is difficult 
to imitate the conditions, especially the precise degree of moisturt*, in w hich 
it grow's and develops in its cavity. I failed therefore to keep the ant and 
her garden till the first workers appeared. The time requiivd to accomplisli 
this must be betw’een two and three months. Presumably the last phase 
of this first bn>od period is very precarious, since leaves must be brouglit 
in to serve as a substratum for the further growih of the fungus garden. 
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In any event, the development of the garden is in need of further elucida¬ 
tion. According to my investigations, which need fuller confirmation, 
the organic substratum is provided in the fonn of malaxated eggs, but per¬ 
haps the soil, which is rich in vegetable mould, may itself contain nutrient 
substances .... As soon as the first workers appear, the colony may be 
regarded as established and the optming up of the burrow, the enlarging of 
the first chamber, carrying in of leaves, etc., lead to the well-known condi¬ 
tions of the adult colony.. . .The preceding description is hardly complete 
without an answer to the question: Whence conic the fungus germs for the 
establishment of the new garden?*’ After searching the queen for fungus 
spores concealed about her person, von Ihcring made the important dis¬ 
cover}’' that “every Atta queen, on leaving the parental ne.st, carries in the 
posterior portion of her oral chamber a loose pellet, .6 mm. in diameter, 
consisting of hyphfe of Rozifes gongylophora, small fragments of bleached 
i. chlorophyllcss leaves, and chitinous bristles. The last are undoubtedly 
derived from the larva* undergoing eedysis in the parental nest.** Von 
Ihering i.s of the opinion that the female keeps the })ell€*t of hyphie, etc., 
in her mouth till she has excavated her chamber and then spits it out where 
it will serve to kindle the fungus garden of the new colony. 

The observations of (xceldi, (Fort*l 190/), Gceldi 1905 a and h) an* little 
more than a confirmation of tho.se of von Ihering. He maintains that the 
fungus is actually grown on .some of the malaxateil eggs of the Aita queen, 
who would thus be .sacrificing a part of her offspring as a cultun* medium 

for the fungus that goes to nourish both 



Fig. 1. Head of recently fertilized 
queen of Atta sexdens longitudinally bi¬ 
sected. 

a. Mandible; 6, labium retracted; 
c, buccal pocket containing d, the pellet 
of fungus hyphffi carried from tlie paren¬ 
tal nest; c, cpsophagus; /.oral oiifice. 
(After J. Huber.) 


herself and her workers in their larval and 
adult .stages. 

None of these investigators suceeed(*d 
in rearing an Aiia colony from its very 
inception till the hatching of the firstling 
workers and the bringing in of the leaves 
for the pur]>()se of ket‘ping up the fungus 
cultun*. This has been accomplished very 
recently by Jakob Huber (1905) who be¬ 
sides correcting a few errors in the work 
of his predeces.sors, ha.s added a number 
of new and important observations. His 


paper, from wdiich the following abstract 
is taken, also contains several interesting figures from photographs of the 
Am female, her progeny, and fungus garden. The female expels the pellet 
from her buccal pocket (Fig. 1, c) the day following the nuptial flight. It is 
a little mass .5 mm. in diameter, white, yellowish or even black in color, and 
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consists of fungus hyphse imbedded in the substances collected from the ant’s 
body by means of the strigils on her fore feet and thence deposited in her 
mouth. By the third day 6 to 10 eggs are laid (Fig. 2). At this time also 
the pellet begins to send out hyph«e in all directions. The female separates 
the pellet into two masses on this or the following day (Fig. 3). For the 
next 10 to 12 days she lays about 10 eggs daily, while the fungus flocculi 
grow larger and more numerous. At first the eggs and flocculi are kept 
separate, but they are soon brought together 
and at least a part of the eggs arc placed on 
or among the flocculi. Eight or ten days later 
the flocculi have become so numerous that they 
form when brought together a round or ellip¬ 
tical disc about 1 cm. in diameter. This disc 
is converted into a dish-like mass with central 
depression in which the eggs and larvae are 
thenceforth kej)t. The first larvae app€*ar 
about 14 to 10 days after the Afta female has 
completed her burnjw, and the first pupae appear about a month after the 
inception of the colony. By this time the fungus garden has a diameter of 
about 2 cm. There are no ‘^kohlrabi” corpuscles in the earlier stages, and 
when first setm they are at the }>eripheiy’ of the disc. A week later the pupa* 
begin to turn brown and in a few days the first workers hatch. Hence the 
time required for the establishment of a colony under the most favorable 
conditions is about 40 days. After this rapid surv'ey of the matter, Huber 

asks the important question: How does the 
A ltd female manage to keep the fungus alive ? 
Obviously the small amount of substance in 
the original jxdlet must soon be exhausted and 
the growing hyphee must be supplied with 
nutriment from some other sourc'e. His inter¬ 
esting answer to this question may be given in 
his own words: After carefully watching the 
ant for hours she will be seen suddenly to tear 
a little piece of the fungus from the garden 
with her mandibles and hold it against the tip of her gaster, which is 
bent forw^ard for this puqwse (Fig. 4). At the same time she emits from 
her vent a clear yellowish or brownish droplet which is at once absorbed by 
the tuft of hyplue. Hereupon the tuft is again inserted, amid much feeling 
about with the antennse, in the garden, but usually not in the same spot 
from which it w^as taken, and is then patted in place by means of the fore 
feet (Fig. 5). The fungus then sucks up the drop more or less quickly. 



Fig. 3. Eggs and fungus gar¬ 
den ill cell of queen Atta sriaens 
seventy-two hours after the nup¬ 
tial flight. (After J. Huber.) 







Fig. 2. Eggs and fungus gar¬ 
den in cell of queen AUa sexdens, 
forty-eight hours after the nuptial 
flight. (After J. Huber.) 
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Often several of these drops may be clearly Si‘en scattered over the young 
fungus garden [Fig. ()]. According to my observ^ations this performance 
is rep<»ated usually once or twice an hour, and sometimes, indeed, even 
more frequently. It can almost always be observed a num})er of times in 
succession when a mother ant that has no fungu.s, as sometimes hapj^ens 

in the cultures, is given a piece of fun¬ 
gus belonging to anotherif/a female or 
from an old(‘r colony. Tlu' mother ant is 
visil)ly excite<l while .she explores the gift 
with her antenna*, and usually in a few 
minutes begins to divide it up and re¬ 
build it. At such times she first applies 
each j)ioce to her vent in the manner 
above described and drenches it with a 
fecal droplet.’^ From these observations 
Huber concludes that the droplet must 
be liquid excivment and that the fungus 
owes its growth to this method of manuring. A direct use* of malaxated 
eggs for this piirf)(»se was never observed and could not be detected by mi¬ 
croscopical examination, although a number of observations show that the 
same result may l>e accomplished indirectly, nariiely by the female eating her 
own eggs. This habit is so common and apparently so normal that HuIjcu* 
estimates that 9 out of every 10 eggs are 
devoured by the mother, often as soon 
as they are laid. '^I'he life of the Atta 
female in her little cell during all this 
time is very rhythmical. At regular in¬ 
tervals she conscientiously examines the 
walls of the cavity, flattens out the earth, 
etc. She devotes more time to licking 
and manuring the fungus garden and, of 
course, lavishes most care on the brood. 

As soon as the larva* appear they are 
fed directly with eggs thnist into their 
mouths by their mother. Hulx^r con¬ 
cludes that this is their normal diet till the first workers hatch. He never 
saw the female either eating the fungus mycelium herself or feeding it to 
the young. As proof of his contention he cites the case of one of his Atta 
queens who brought up a brood without a fungus garden. With the 
appearance of the firstling workers, which are minims, that is members of 
the smallest worker caste, a change comes over the colony. They begin to 



Fip. 5. Silhouette* of a queen Atta 
svxdvna repluriiiK in the funffUH garden 
tuft of nwceliuin saturated wltli feoal 
Iiqui<l. (From an instantaneous plio- 
topraph after J. Huber.) 



Fig. 4. Silhouette of a que(‘n Atta 
scxdem in the act of manuring her fun¬ 
gus garden. (From an ui.stantaneou«» 
photograph after J. Huhei.) 
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usurp the functions of the mother ant. They manure the garden, whicli at 
the time of their appearance measures liardly more tlian 2.5 cm. in diameter, 
and feed the larva* with their mothers' eggs. The workers themseKws, 
however, feed on the kohlrabi” which has been developing on tlie hypha* 
in the meantime. After about a week some of the workers begin to dig in 
the earth, and ten days after the appearance of the first worker and seven 
weeks after the inception of the colony, they break through to the surface 
of the soil and surround the entrance of the nest with a tiny crater of earthen 
pellets. They now begin to bring in pieces of leaves, knead them up into 
minute wads, and invert th.'in in th* fungiH garrl *n. The method of man- 



Fiiar. 6, Fun*fiis of Atta afxchns fourtmi days after tlu* nuptial flight. There are 

about ICK) eggH wiiirh the uueen lias place<i in a <lepres,sion in the tniddle of the garden Near 
the pennhery there are three drops of the fecal Injnid \Mth which the queen manures her garden. 
(After J. Hiiher.) 

uring the garden with fecal droplets seems now to he abandoned. The 
mother A fia henceforth ])ays no atttuition to the development of the garden or 
to the brood, but degenerat(*s into a sluggish egg-laying machine, while the 
multifarious labors of the colony devolve on the workers. In the meantime 
the “kohlrabi” has become so abundant that it can be fed to the larva?. In 
concluding his paper Huber makes the important observation that fertile 
females of Atfa sexdenB are readily adopted by strange workers of their ove. 
species. Such adoptions may be fre(|uently nvsorted to in a state of nature 
and would perhaps account for the enormous size and great age of some of 
the fonnicaries of the larger .species of Affa, which in this respect re.semble 
the colonies of Fonnioa nifa and F. exsecioides in the north temperate zone. 
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Part II. Descriptions of North American Attii. 

1. Atta tezana Buckley, 

Myrmica {Atta) tcrana Buckley, Proc. Acad. Nat. Sci. Phila., 1860, p. 233, § 9 c?- 
Myrmica texana Buckley, Proc. Acad. Nat. Sci. Phila., 1861, pp. 0-10. 

(Ecodoma texana Lincecum, Proc. Acad. Nat. Sci. Phila., 1867, pp. 24-31. 

(Ecodcma texana Buckley, Proc. Knt. Soc. Phila., VI, 1867, p. 347, no. 62, § 9 c?* 
Atta fervem Townsend, Amer. Entom. and Botan., II, 1870, pp. 324-325, figs. 202 
and 203, § ? . 

Atta fervens McC'Ook, Ann. Mag. Nat. Hi.st., (5) III, 1870, pp. 442-449. 

Atta fervens McCook, Nature, XX, 1879, p. 583. 

Atta fervens McCVjok, Proc. Acad. Nat. Sci. Phila., 1879, pp. 33-40. 

(Ecodoma texana Nehrung, Zool. Garten. XXV, 1884, p. 265. 

Atta fervens Dalla. Torre, Catalog. Hymen., VIT, 1893, pp. 152, 153 (in part). 

Atta fervens Emery, Zool. Jahrb., Ahth. f. Syst., VIII. 1894, p. 329. 

Atta fervens Forel, Biol. Centr. Arner., Hymen., Ill, 1899-1900, p. 33 (in part). 

Atta fervens Wheeler, Amcr. Natur., XXXV, 19(K), pp. 851-862. 2 fig.s. 

Atta fervens Wheeler, Tran.s. Texas Acad. Sci., IV, no. 2, 1902, p. 13. 

Soldier. (Fig. 7 and PI. XLIX, Fig. 11 ) Length 10-12 mm. 

Head cordate without the mandibles broader than long, with rounded posterior 
corners and shallow obtu.se occipital excision. Mandible.s long, flattened, with a 
large acute apical and 9 or 10 blunt, subequal basal teeth. Clyjxjus short and broad, 
with bidentate and arcuately excised anterior border. Frontal carina^ continued 
as distinct, diverging ridges as far back a.s the middle of the head; their lobes with 
a prominent tooth above the insertion of each antennal .scaf)e. Frontal area large, 
triangular, indistinct. Antenna* slender. Eyes convex, hemispherical, about { the 
distance from the anterior to the posterior comers of the head. Ocelli absent. 
There i.s a tooth on the lateral carina l^etween the eye and the cly|)eus, two small 
spines or teeth on the ventrolateral surface of the head, one or two similar teeth on 
each occipital lobe and behind them a large prominent spine. Thorax with four 
pairs of .spines: one small acute pair on the inferior comers of the pronotum. a 
large robust, acute and erect pair, .sometimc.s mduced to conical projectioiLs, above 
on the side.s of the pronotum; a much .shorter, often more slender and le.ss tapering 
pair on the mesonotiun, and a long, acute, backwardly directed j>air on the epinotum. 
The last are prolonged forward at their bases in the fonn of a pair of anteriorly con¬ 
verging ridges. Petiole about IJ times as long as broad, pentagonal from above, 
broadest in the middle; node concave in the middle wth a ridge on each side. Post¬ 
petiole nearly twice a.s broad as the petiole, about a.s broad as long, narrowed in 
front, flattened above, with a pair of more pronounced and uneven mesial and a pair 
of shorter and feebler lateral ridges. Gaster oval, broadest at the middle, with 
somewhat angular anterior corners and abruptly conical tip. Legs very long and 
slender. 

Mandibles and clyi eus shining; the former coarsely .striatopunctate, the latter 
finely and unevenly punctate. Remainder of body opaque, very finely punctate or 
granular. 

Hairs long, erect or reclinate, curved, golden yellow or fulvous, covering the 
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body and appendages. Pubescence abundant on the body and rather long, of the 
same color as the hairs; absent on the appendages, with the exception of the antennal 
funiculi. 

Ferruginous brovi-n; borders of mandibles black. 

Media. (Fig. 7 and PI. XLIX, Fig. 13). Length: 3-9 mni. 

Resembling the soldier but with proix)rtionally smaller head and all the cephalic 
and thoracic spines longer and more acute, especially the posterior occipital and the 
superior pronotal pairs. The latter are often much longer than the epinotal spines 
and curved forward at their tips. 

Minima. (Fig. 7 and PI. XLIX, Fig. 14.) I^ength: 1.5-2.5 mm. 

Head proportionally smaller than in the soldier and media; mandibular teeth 
more acute; lobes of frontal carinse, lateral carinse and ventro-lateral surfaces of 
head without teeth. Anterior and posterior occipital spines much reduced. On the 
thorax the superior are not longer than the inferior pronotal spines and much shorter 
than those on the epinotum. Pul)ertcence and hairs much sparser and more incon¬ 
spicuous than in the soldier and media. 

Female. (Fig. 7.) length. 17-18 mm. 

Head without the n\andiblcs, much broader than long, arcuately excised behind, 
with rather straight, anteriorly converging sides. Mandibles and clypeus similar 
to those of the .soldier, but the fonner with at least 12 basal teeth, the latter with the 
two teeth of it.s anterior lK)rder blunter and more prominent. Frontal and lateral 
Carina* with prominent teeth. Spines of anterior occipital and ventro-lateral surface 
of head reduced to low projection. Posterior occipital spines small but a(iute. 
Thorax robust, distinctly longer than the first gastric segment; twice as broad as 
the head. Inferior pronotal spines small and acute; superior pair lacking. Scutel- 
lum rounded, convex, without a median longitudinal impression. Epinotum with 
a pair of small, acute. back\>ardly directed spines, each of which has a prominent, 
elongate swelling in front of its base. Petiole more than twice as broad as long: 
broadest in the middle and produced on each side into a long, slender spine or proc¬ 
ess. Postpetiole less than twice as broad as the petiole and fully twice as broa<l 
as long, widest Indiind with two pairs of truncated latend projections, of which the 
}X)sterior is the longer. T/Ower surface with a prominent transverse ridge, (laster 
nearly as broad as long, but little broader in the middle than at its straight anterior 
border. Anterior corners of first vsegment rectangular. I^egs slender ajid \Aeak. 

Mandibles, anterior border of clyix'us, .scapes and legs shining; clypeus and 
mandibles punctate, the latter aK. very coarsely striated. Remainder of body 
opaque, granular-rugulose. Mesopleune coarsely nigo.se. 

Hairs and piiliescence tawny, the fonner dense and erect on the body and ap¬ 
pendages, the latter sparse, somewhat reclinate and hooked, mo.st conspicuous on 
the head and gastor. 

Deep maroon brown, legs more reddish; borders of mandibles black. Wings 
with ferruginous broAm atIus and a strong .suffusion of the same color in the mem¬ 
branes, especially along their anterior borders. 

MaU. (Fig. 7, and PI. XLIX, Fig. 24.) Length: 13-14 mm. 

Head small, Avithout the mandibles but little broader than long, flattened behind 
but not excised, Avith large and very prominent eyes and ocelli. Mandibles Avell- 
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developed, with pointed tip*^ and about a dozen blunt basal teeth. Anterior border 
of clyjxius with two broad blunt teeth and a median excision. Space between frontal 
and lateral cariiw concave, elliptical. Antennae slender. Cephalic spines obsolete, 
except those of the posterior occipital region, which are short, acute and sometimes 
bent downwards at their tips. Thorax through the wing insertions more than twice 
as broad as the head. Mesonot um as broad as long, projecting in front over the small 
pronotum, which has a short-, broad tooth at it.s inferior corner on each side. Scutel- 
lum convex, with a faint longitudinal impre8.sion in the middle. Epinotum unarmed. 
Petiole and post petiole similar to those of the female, but each side of the fonner 
sometimes with two spines of unequal length, and the postpetiole is less angular on 
the sides. Gaster as broad as long, elliptical, convex above and below’. Hypopy- 
gium broader than long, fenestrate, with its free edge faintly bidentate and not ex¬ 
cised but instead slightly produced in the middle. Outer genital appendages slender, 
strap-shaped with subparallel lx>rders and obliquely truncated tips. Median pair 
long with infolded edges and geniculate tow’ards the apex, which is flattened and 
provided with a strong basal and two feebler tenninal teeth. Wings 22 mm. long. 

Mandibles somewhat shining, finely striate and coarsely punctate. Head and 
thorax opaque, pedicel and gaster slightly shining, (iypeus, frontal area and facial 
concavities unifonnly granular, remainder of head coarsely reticulate-rugose. Thorax 
rather coarsely granular and punctate. Mesonot um with undulating transverse 
rugul». Pedicel and gaster densely and finely punctate, with more scattered, larger 
piligerous punctures. Legs and genitalia shining. 

Hairs fulvous brown, long, dense, and erect on the head and upj')er portions of 
thorax and pedicel, .sparser on the pleune and legs; on the gaster much shorter and 
sparser and hardly more than a dilute, suberect pubescence. Outer genital valves 
and free edge of hypopygium with numerou.M hairs. 

Ferruginous hrowm; gaster, genitalia, legs and anteimic somew’hat paler. AVings 
like tho.se of the female. 

Texas: Chajud Hill, Brenbain, La Grange, Ve Giia (’reek (Lineeeum); 
Austin (Buckley, Lincecuin, Town.send, MeC’ook, AVheeler); Alice, New 
Braunfels, Elgin, (Tranitc ^Mountain (AVheeler). 

There exi.sts .some confu.sion in the literature in regard to this s|K*eie.s. 
The European mynnecologists, Alayr, Forel and Emer}', have confounded 
it with a closely related, hut in my opinion, perfectly distinct Mt'xican species, 
A, mexicana F. Smith (A. jermis Say). The .soldiers and media* of the 
latter, of whieli I po.s.se.ss specimens from (juadalajara (J. F. McClemlon), 
Irapuato (C. H. T. Town.send), Esquinapa (J. H. Batty), CXiernavaca and 
Queretaro (AVheeler), differ from the corresponding pha.ses of texana in 
having the head smooth, shining and hairle.ss above. In the male the 
Eig. 25) is shorter, distinctly excised in the middle 
with the blunt teeth further apart, and without a median fenestra. The 
outer genital appendages are skuider and tajx*r to a sharp point; the middle 
pair are more slender and flattened, le.ss geniculate and more unifonnly 
curved. In PI. L, Figs. 21-25 are given camera drawings of the male 
hypopygia of all the species of Alia s. str. except colurnbica (which is probably 
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a variety of cephalotes), because, as Mayr has shown in his work on the 
Fonnieidae of the Novara Expedition, this scelerite and the genital ap})end- 
ages furnish excellent characters for distinguishing the species. 

2. Atta mexicana (F. Smith), 

The name of tliis species, which is not known to occur in Texas, though 
it is widely distributed in Mexico at an altitude of 5,000 to 7,000 feet, must 
either lye attributed to Drury, and not, as has usually been done, to Say, or 
if, as Dalla Toitc maintains, the Formica fervens of Druiy^ is merely a syn¬ 
onym of A. cephalofeSj we must adopt ^4. mexicana F. Smith as the name 
of the Mexican form. As it seenw to me to be impossible to determine the 
sjx?cies to which Drury’s female specimen l)elonged, I believe that the name 
mexicana should lie adopted. The synonymy disentangled from that of A. 
iexana would then i*ead as follows: 

Formica Drury, Illustr. Nat. Hist., HI. 1782, p. 58, pi. 42. fig. 3. ? . 

Atta fertH^ns Say, Boston Journ. Nut. Hist., I, 3, 1836, p. 2C0. 9 . 

(Ecodoma mexicana F. Smith. Catalog. Hymen. Brit. Mus., VI, 1858, p. 185, no. 
0 ? . PI. X, fig. 20. 

(Ecodoma Mexicana Nouto.v, Amer Natur., II, 1868, p. 66, pi. I, figs. 9 and 10. 

5 . 

Ctxodonia mexicana N(»rtov, Proc. Essex Inst., VI, 1868, Comm. p. 9, fig. Q 9 . 
'UEcodama mexicana Moreno, Naturaleza. Ill, 1876. pp. 180-190. 

Atta fervem Leconte, AVriting.s of Th. Say., Entom., II, 1859. p. 734. 

Atta fervens Mayr, Reise der Novara, II. 1. Fonnicidas 1865, p. 81, 9 c^. 

Atta fervens Forel, BviU. Soc. Vaud. Sc. Nat., XX, 1884, p. 47 (in part). 

Atta fervens Dau^a Torre, (’atalog. Hymen., \TI, 1893. pp. 1.52. 1.53 (in part). 

Atta hrvxgata Peroande, Proc. ('alif. Acad. Nat. Sei. (2). V, 1895, p. 896. g. 

Atta fervens Fouel, Biol. Centr.-Am.. HjTnen., Ill, 1899-1900, p. 33 (in part). 

Atta fervens Forel, Ann. Soc. Ent. Belg., XLV. 1901, p. 124, 

Atta fervens Wheeler, Ann. Soc. Ent. Belg.. XLV, 1901. p. 200, 0. 

3. Atta (MoBUeriuB) versicolor Pergande. 

Atta versicohr Pergande, Proc. Calif. Acad. Sci. (2), IV, 1893, pp. 31, 32, 0. 

Atta {Acromyrtnex) ivrsicolor Emery, Zool. Jahrb., Abth. f. Syst., VUI, 1894, p. 
330, 0, 

Atta versicolor Fenner, Entom. News, VI, 1895, p. 215. 

Atta {Acromyrmex) versicolor Forel, Biol. Centr.-Ain., Hymen., Ill, 1899-1900, p. 
36, 0. 

Atta (Mmlletius) versicolor Emery. R. Accad. Sci, Ist. Bologna, April 1905, pp. 108, 

111 , 0 . 

Worker, (PL XLIX, Fig. 5.) Length: 2.3-6 mm. 

Head without the mandibles broader than long, in larger specimens somewhat 
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nanxjwed in front, broadly and obtusely excised l)ehind, with rounded posterior 
comers and slightly convex sides. Eyes convex, less than J the distance from the 
anterior to the posterior comers. Mandibles rather convex, with sev^al blunt 
teeth. Clypeus concave in the middle, with two very short, blunt teeth on the 
anterior margin. Frontal carina* with ex^mnded, toothed lobcss in front. Frontal 
area obsolete. Antennal scapes reaching to the posterior comers of the head, some¬ 
what incrassated towards their tips. I.ateral carinas with a short, acute tooth. Post¬ 
ocular spines absent; anterior and superior occipital regions with a numW of short 
teeth or spines; posterior occipital region with a longer acute spine on each side. 
Pronotum with a pair of short, downwardly directed inferior and a pair of long, robust 
and acute superior spines directed forward and outward. Mcsonotiun with two 
pairs of spines, the anterior about half as long as the superior pronotal pair, but 
more rapidly ta{)eriiig and directed upward and backward; the posterior pair smaller 
and closer together. Epinotum with two spines which are nearly as long as the 
superior pronotal pair hut more slender and directed backward, upward and slightly 
outw^ard. Petiole longer than broad, its node subrectangular, with four equidistant, 
subequal teeth in a trans\ersc row. Postpetiole nearly twi('e as broad as the petiole, 
broader than long, concave above, with six short bidentate spines, four in a trans¬ 
verse anterior row and two l)ehind and more widely separated at their bases, tlaster 
broadly elliptical, broadest behind the middle; basal segnient with a median longi¬ 
tudinal depression, on each side of which there are se\'eral acute tul)ercles longest 
near the anterior and lateral margins. 

Mandibles shining, coarsely punctate and striate; remainder of body, inchuling 
the legs and scapes, opaque, densely punctate. Head, thorax, pedii'el and anterior 
border of gaster vonniculately or reticulately rugulose. Basal gastric segment w ith 
scattered, shallow' foveola‘. 

Hairs brown or tawny, sul)erect, not very abundant, rather short, curved or 
hooked on the body, straighter on the scapes and legs. 

Femiginous brown; borders of mandibles and anterior border of cly})e\is black. 

Female. Length' 8 mm. 

Head resembling that of the worker, but the posterior comers are more acute 
and the antennal scapes are longer. Pronotum with two broad and rather blunt 
inferior and two acute 6U|)crior sj»ine.s, which are directed forward and outward. 
Scutelluiti trapezoidal with bidentate jwsterior edge. Epinotal spines long, cur\’’ed 
and diverging, of nearly unifonn thickness up to their rapidly tapering tips which 
are Ixjiit downwards. Petiole and po.stpetiole similar to those of the worker, but 
the median pair of teeth in the fonner longer than the lateral pair and the spines on 
the postpetiole reduced to small teeth, (laster pyrifomi, with the first segment 
flattened above and without the pointed tulwrcles. 

Mandibles and legs shining; remainder of body opaque. Head coarwdy, densely 
and crenately rugose, the ruga* lieing longitudinal on the sides but diverging from 
the front and median line on the upper surface. Thorax covered with nigte similar 
to those on the head, transverse on the pronotum, longitudinal on the inesonotum 
and pleura*, and irregular on the scutellum. Pedicel and gaster densely and irregu¬ 
larly rugulose; on the middle of the first segment of the latter the rugulae are more 
regular and longitudinal. Antennal scapes and legs coarsely punctate and more 
or less roughened. 

Pilosity like that of the worker. 
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Femiginous brown; upper surface of head, mesonotum and gaster blackish, 
the mesonotum with a V-shaped red spot on the middle and the gaster with a pair 
of elliptical ferruginous spots on the basal segment. Wings opaque yellowish 
brown, with dull yellow veins. 

Male, (PL L, Fig. 26.) Length: 8 mm. 

Head, without the mandibles and eyes, as long as broad, subrectangular, with 
nearly straight posterior border. Eyes large, protruding, hemispherical, with their 
posterior orbits at the middle of the head. Mandibles well-developed, acute, flat¬ 
tened and multidentate. Clypeus very" faintly and sinuately excised in the middle. 
Frontal and lateral carinse without teeth. Antennal scapes extending fully § their 
length beyond the posterior comers of the head. The latter writh a small, acute 
superior and a broad flattened inferior tooth on each side. Pronotum with a 
larger inferior and much smaller superior tooth on each side. Mesonotum with 
distinct Mayrian furrows. Scutellum with a median longitudinal depression and 
a pair of blunt posterior teeth. Epinotum with short, convex base and longer 
straight declivity; spines like those of the female but more slender and tapering 
more gradually. Petiole and post petiole like those of the female, the former with 
small acute teeth abov"e and three lateral teeth, the latter with four teeth on each 
side, (lastcr broadly elliptitud, with the basal segment flattened above and without 
tubercles. (Jenital apjxindages convex, curved inward, with broad, rounded, sub- 
t runcate tips Ixigs slender. 

Body including the mandibles and legs, opaque; gaster slightly shining. Man¬ 
dibles finely striated and coarsely punctate. Head, thorax and pedicel densely rugu- 
lose, the rugulie toeing longitudinal on the head, mesonotum, scutellum, pleurae and 
epinotum, and transverse on the pronotum. petiole and postpetiole. Gaster and 
legs densely punctate. Genitid ai)pendages with a few scattered foveoke. 

Pilosity like that of the worker and feimile. 

Black; mandibles, border of clypeus, frontal carime, neck, antennae, cox®, 
tibia', tarsi and gaster ferruginous brown, posterior borders of gastric segments 
and genitalia somewhat paler. Wings like those of the female. 

Arizema: Tucson (Fenner, Wheeler); Yucca (Wheeler). 

Mexico: Calamujuet, Ix)wer California (Risen and Haines); Sonora 
(Coll. Am. Mas. Nat. Hist.). 

The types are fn)in (''alamujuet; the above description is drawn from 
Tucson specimens. 

4. Atta (MoBllerina) yersicolor chisoseiisis subsp. nov. 

A number of workers taken by Judge O. W. Williams in the Chisos 
Mountain-s of southwe.stem Texa-s, and a few workers taken by myself at 
Terlingua in the same rt'gion, represent a distinct subspecies. 

They differ from the typical versicoJor in their distinctly lighter and more 
yellowi.sh color, much less pronounced sculpture and in having only a few- 
(about 12) iwinted tuWreles on each side of the median gastric depression, 
/per.] 
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whereas in the typical form there are two or three times as many. Owing 
to their feebler sculpture the workers of chisosensis are throughout much 
more shining than the t^’pical form. 

C. Atta (Trachymyrmex) septentrionalis McCook. 

*t(Ecodoma virginiana Bcckley, Proc. Ent. Soc. Phila., VI, 1867, p. 346, no. 61, 
*t(Ecodoma iardigrada Buckley, I'roc. Ent. Soc. Phila., VI, 1867, p. 349, no. 65, §. 

9 

Atta septentrionalis McCook, Proc. Acad. Nat. Sei. Phila., 1880, pp. 359“363, Fig. 5 • 
Atta (Acromyrmex) iardigrada Fouel, Bull. Soc. Vaud. Sci. Nat. (2) XX, p. 91, 1884, 
p. 358, 5 9 e' 

Atta iardigrada Mayr, Verb. zool. hot. Ge.s. Wien, XXXVI, 1886, p. 442. 

Atta (Trachymyrmex) iardigrada Forel, Ann. Soc. Ent. Belg., XXXVII, 1893, p. 
601. 

Atta iardigrada Dalla Torre, Catalog. Hymen., VH, 1893, p. 154. 

Atta iardigrada var. sejMenirionalis. Catalog. Hymen., VIT, 1893, p. 154. 

Atia (Trachymyrmex) iardigrada Emery, 2k>ol. Jahrb., Ahth. f. Syst., VIII, 1894, 
p. 329. 

Atta (Trachymyrmex) iardigrada Forel, Rhista Sci. Biol., II, 1900, p. 9. 

Atta (Trachymyrmex) iardigrada Forel, Ann. Soc. Ent. Belg., XLV, pp. 396, 397. 
Atta (Trachymyrmex) septentrionalis Wheeler, Trans. Tex. Acad. Sci., IV, Pt. II, 
no. 2, 1902, pp. 13, 14. 

Atta (Trachymyrmex) septentrionalis Wheeler, Psyche, June, 1903, p. 101, P'ig. 
6b. 

Atta (Trachymyrmex) septentrionalis Wheeler, Bull. Anj. Mu.s. Nat. Hist., XXI, 
1905, pp. 386, 387. 

Worker. (PI. XLIX, Fig. 4.) Length: 2.5-3 mm. 

Head, without the mandibles, about as broad as long, a little broader behind 
than in front, with obtusely excised posterior border, somewhat rounded posterior 
angles and rather straight sides. Eyes not very prominent, more than § the distance 
from the anterior to the posterior comers of the head. Mandibles >rith two larger 
acute apical and 7 or 8 small basal teeth. Anterior border of clypeus sinuately 
excised in the middle. P'rontal area triangular, obsolescent. Frontal carince with 
flattened, rounded lobes in front, continued back as a pair of diverging ridges beyond 
the middle of the head as far as hut not meeting the lateral Carinas. Antennal 
scapes extending about J their length beyond the posterior comers of the head, some¬ 
what thickened tow ards their tips. Region between the frontal carinaa and posterior 
comers of the head covered with small acute tubercles, one pair of w^hich on the 
posterior comers is longer and bidentate. Pronotum with a pair of blunt, dow’n- 
wardly directed inferior spines, two long acute superior spines and between these in 
the middle a pair of short bidentate spines or tubercles, which are closer to each 
other than to the lateral tubercles. Mesonotum with tw^o pairs of blunt spines. 
Mesofipinotal constriction pronounced. Epinotum with four longitudinal rows of 
tubercles, the inner continued back into the bases of a pair of acute spines which 
are directed upward, backward and outw’ard and are from ) to } as long as the 
slightly convex base of the epinotum. Declivity sloping, forming in profile an ob- 
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tuse angle with the base. The upper surface of the thorax and all the spines, with 
the exception of the inferior pronotal pair are covered with small tubercles. Petiolar 
node from above nearly square, a little broader than long; in profile its anterior 
surface is flattened, its summit acute and furnished with a pair of teeth. On each 
side of these there is also a small blunt tooth. Postpetiole about as broad as the 
epinotum, somewhat more than twice as broad as the petiole, and distinctly broader 
than long, subpentagonal from above, concave in the middle behind and covered with 
small tubercles. Oaster pyriform, broadest behind the middle; first segment with 
a faint, longitudinal, median depression and a short ridge on each lateral border. 
The dorsal surface is covered rather unifonnly with small, acute tubercles, as are 
also the antennal scapes. 

Mandibles and anterior border of clypeus faintly shining or glossy, the former 
finely and densely striated. Remainder of body and appendages opaque and indis¬ 
tinctly granular. 

Hairs browmsh yellow, short, hooked, more or less erect and not very abundant, 
usually arising from the small tubercles and covering the body and appendages 
rather uniformly. 

Body ferruginous brown, legs slightly paler, mandibular teeth black, front and 
vertex dark brown; gaster in many specimens with a broad longitudinal fuscous or 
blackish stripe on the middle of the first segment. 

Female. Length: 3.8-4 mm. 

Head re.sembling that of the worker. Pronotum besides the blunt, downwardly 
directed inferior spines, with a pair of strong, somewhat flattened, acute superior 
spines directed outw’ard and somewhat forward. Scutellura semicircularly excised 
and Indent ate l>ehind. Epinotal spines long, of rather uniform thickness to within 
a .short distance of their acute, rapidly tapering tips. Pedicel and gaster as in the 
worker, but the lateral teeth of the petiole are smaller and blunter and the posterior 
margin of the post petiole is excised. Wings 4 mm, long. 

Sculpture similar to that of the w*orker; mesonotum and scutellum covered 
with rows of small elongated tubercles. 

Like the worker also in pilosity and coloration. Head with a large black spot 
on the ocellar region and the gastric stripe is deeper and more distinct, but not 
reaching the anterior border of the basal segment. Wings blackish with veins of the 
same color; costal cell yellowish. 

Male. Length: 3-3.5 mm. 

Head but little broader behind than in front, broadest in the region of the eyes, 
with slightly convex pasterior border. Eyes convex, posterior orbits at the middle 
of the head. Mandibles like those of the worker but smaller. Clypeus with broad, 
entire anterior margin. Frontal carina? lobed in front, uniting behind with the lateral 
carinje, w'hich are furnished with a small tooth in the middle. Posterior tomers of 
head with several small, acute spines or teeth. Antenn® slender; scapes somewhat 
thickened distally and surpassing the posterior corners by about § of their length. 
Pronotum with small acute superior and inferior teeth. Mesonotum with well- 
developed Mayrian furrows. Scutellum similar to that of the female. Epinotum 
with subequal base and declivity; spines slender, acute, diverging, bent downward 
at their tips, their bases continued forward as a pair of crenated ridges on to the 
base of the epinotum. Petiole and postpetiole like those of the worker, but the 
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latter segment without distinct tubercles. Gaster elliptical, convex above, the first 
segment with smaller and more scattered tubercles than in the worker and female, 
and without a median longitudinal impression. Outer genital appendages broad 
and short, Tsith rounded edges; median pair with straight, slender, pointed tips. 
Hypopygiurn entire, with a broad, rounded point in the middle. Legs long and 
slender; tenninal tarsal joint not enlarged. 

Opaque, mandibles and clypeus granular; head and thoracic dorsum coarsely, 
pleurae, petiole and postpetiole more finely reticulate-rugose. Epinotum and gaister 
finely reticulate or granular. I^egs smoother and somewhat shining. 

Pilosity similar to that of the worker and female. 

Ferruginous brown; upper surface of head, thorax, pedicel and first gastric 
segment more or less blackened; legs and posterior borders of gastric segments 
yellowish; antennal scapes dark brown. Wings as in the female. 

Texas: Austin, Montopolis, Milano (Wheeler); Denton (W. H. Ix)ng); 
Paris (Miss A. Rucker, C. T. Brues). 

Florida: (Mrs. Mar}^ Treat, T. Pergande), Miami and Jacksonville 
(Wheeler). 

District of Columbia: Washington (Pergande, Swdiigle). 

North Carolina: Black Mountain (Forel). 

New Jersey: Vineland (Mrs. Treat); Toms River (Morris, McCook); 
Lakehurst (Wheeler, W. T. Davis); Lucaston (E. Daecke); Miltown 
and Manusquam (Davis). 

I believe that Buckley’s name tardigrada, which has lx;en very generally 
applied to this species, should be rejected and replaced by McCook’s septen^ 
trionaliSf first, because Buckley’s description will apply equally well to this 
or the following species or even to Myretosoritis hartmanni, although his 
account of the nests applies to none of these but rather to a small colonyof 
Atta texana; and second, although Forel wTote in 1884 that Mayr had in 
his possession a type specimen of Buckley’s tardigrade which made it jmssihle 
to refer Florida specimens received from Mrs. Treat to this species, Dr. 
Ma}T writes me (]Marcli 24, 1902); ‘Tch besitze von Atia (Trachyvit/rmex) 
tardigrade keinen Buckley’schen Typus.” There is no possible means of 
ascertaining ju.st what species Buckley described. McCook’s description 
is equally worthless, but his specimens were redescril>cd by Forel, so that 
the name septentricmalis must stand. The above description is drawn 
from specimens taken early in May from a single colony at Montopolis, 
near Austin, Texas. Forel regarded IVIcCook’s spc^cimens as representing 
a variety of the southern fonn, but Emery failed to distinguish any varietal 
differences l)ctween southern and northcra specimens. A number of workers 
taken by me at Lakehurst, New Jersey are larger (3.4-3.6 mm.) than speci¬ 
mens from Texas and Florida and are of a paler, more yellowish color with 
a darker and more distinct gastric .stripe. A dealated female from T^kc- 
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hurst and a winged individual from Lucaston, New Jersey agree in having 
a dark spot on the middle of the pronotum, one on the postpetiole and in 
having the infuscation of the head and middle of the gastcr more extensive. 
If we H'gard the New Jersey s{>ccimcns as representing the typical form of 
the sp‘cies it will Ijc necessar}^ to distinguish the darker southern form as a 
variety, for which I would suggest the name ohscurior var. nov. 

6. Atta (Trachymyrmex) turrifex Wheeler, 

Whkeleh, Psyche, June, 1903, pp. 1(J0-102, fig. 6a, 5 

li'o?Ayr. (PI. XLIX. Fig. 3.) Length: 3-3.75 mm. 

Head without the inandihlcs a little longer than broad, slightly broader behind 
tlian in front, with obtusely excised posterior border, rather straight sides and promi¬ 
nent f>osterior angles. Kyes convex, in front of the middle of the head. Mandibles 
|Knnte<l, 7 8>toothed. Clypeus sinuately and rather deeply excised in the middle. 
Frontal area triangular, indistinct. Frontal earinie with large round anterior lobes, 
somewhat concave in the middle, and continued back as a pair of diverging ridges 
nearly as far as the iK)sterior comers of the head, but not meeting the jUmost equally 
long lateral Carinas. Anteniia» robust; seaixjs reaching only to the posterior corners 
arul fitting into deep grooves between the frontal and lateral earinie. Upiier surface 
of head, with the exception of these grooves, covered with tubercles, two pairs of 
which on the suijerior and inferior portions of the occipital corners are larger than 
the others and bidentate, Seajies covered with similar but smaller tubercles. 
Pronotum on each side with an acute downwardly directed inferior spine; above 
with a pair of rather long, acute lateral spines and a shorter bifurcated median spine. 
Mesonotum with two pairs of thick blunt s])iiies, Mesoiqnnotal constriction very 
pronounced. Kpinotum with sulxs^ual base and declivity at right angles to each 
other in profile; the fonuer etmvex, the latter eoneave; spines aeute, nearly as long 
as the base, direeted upward, bjickward and outward and prolonged forward at 
(heir bases as a pair of subparallel. erenated ridges lying between a shorter pair of 
similar lateral ridges. All the thoraeie spines, with the exception of the inferior 
{ironotal pair, are covered with small tubercles. Similar tul>ereles are also scattered 
over the dorsal surface of (he thorax between the spines. Petiole from above as 
broad as long, nearly s<juare, with a transverse row* of four equidistant tubercles 
across its middle and connected with the median pair by longitudinal ridges. There 
is another pair near the posterior edge of the segment. Post petiole twice as broad 
asi the petiole and nearly twice as broad as long, impressed in the middle behind and 
I'overed with small tubercles. Gaster .suVioblong, with straight anterior border and 
subparallel .sides, a little broader behind than in front, convex above and beh)W’; 
first segment with longitudinal ridges half way down its sides, a faint median and 
two lateral depressions. Its whole surface is covered with small tubercles which 
are connected with one another by a net-work of indistinct ridges. Legs stout, and 
as far as the second tarsal joint, covered with tubercles wdiieh arc somewhat smaller 
than those on the body. 

Mandibles with shining, coarsely strialopunctate tips, and opaque, finely striated 
bases. Remainder of body opaque, olxscurely granular and more or less rugulose. 
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Hairs brown, hooked, suberect, cove^ir^: the body and appendages, except the 
antennal funiculi which are clothed with a very fine whitish pubescence. 

Ferruginous brown; front and vertex dark brown, legs somewhat paler than the 
body. In old specimens the body is darker in color and the roughened portions are 
overlaid with a bluish bloom. 

Female. Length: 4-4.5 mm. 

Head resembling that of the worker. Pronotum with short, acute inferior and 
superior spines, the latter not flattened. Scutellum with two long, blunt teeth and 
a deep median excision in its posterior border. Base of epinotuni barely half as 
long as the declivity, w^hich is concave; spines long, stout and rather blunt. Pedicel 
and gaster similar to those of the worker; posterior border of the postpetiole entire. 
Wings 6 mm. long. 

Sculpture similar to that of the worker. Mesonotiim and scutellum with indis¬ 
tinct longitudinal row’s of small tulx?rcles; remainder of thorax granular, with minute, 
scattered tubercles. 

Pilosity and color like those of the worker. Wings opaque brow’n, with darker 
veins. 

Texas: Austin, Montoiiolis, Marble Falls, Fort Stockton, Paisano Pass, 
Marfa, Del Rio, Langtrv (Wheeler). 

The worker of this species may be readily distinguished from that of 
septentrionalis by the more pointed posterior corners of the head, the much 
shorter antennal scajx^s whicli do not extend beyond the ]>osterior corners, 
the unpaired pronotal sj)ine, and the rougher legs and gaster. The female 
turrifex is distinguished by several of these oharaclers and also by the much 
longer and paler wings, 

7. Atta (Trachymyrxnex) ariEonensis sp. nov. 

Fcmo/c (dealated). (PI XLIX, Figs. 9 and 10.) Length: 4.75 mm. 

Head, without the man(li})les, as broad as long, somewhat broader behind than 
in front, with straight sides, obtusely excised posterior margin and rather pointed 
posterior corners. Lyes moderately convex, in front of the middle of the sides. 
Mandibles with two larger aincal and several smaller basal teeth. Anterior border 
of clypeus sinuately notched in the middle. Frontal area triangular, indistinct. 
Frontal carinae with large reflected and rather angular lobes, without rounded impres¬ 
sions in their surfaces, continued back as diverging ridges nearly to the posterior 
comers of the head, but not meeting the much shorter lateral carinae. Antennal 
scapes distally enlarged, extending about J their length l>eyond the jx)sterior corners 
of the head. The latter with nurneroas conical tul>ercie«, two of which on the 
inferior occipital angles are somewhat larger than the others and double. Pronotum 
with two small, flat, lappet-like inferior spines and a pair of long, but not compressed 
superior spines, directed outward and slightly forward. Posterior border of scutel¬ 
lum with a broad median excision and a pair of blunt teeth. Base of cpinotum 
sloping, about half as long as the concave declivity. Spines short, acute, a little 
longer than broad at the base, directed backward and outward. All the spines of 
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the thorax, excepting the inferior pronotal pair, covered with tubercles. Petiole 
from above oblong, slightly longer than broad, with bidentate anterior angles, and 
a pair of longitudinal dorsal ridges elevated into short spines or teeth at their anterior 
ends. Postpetiole more than twice as broad as the petiole, somewhat broader than 
long, transversely elliptical, with the sides produced in the middle in the form of 
short double spines; posterior margin semicircularly excised and somewhat reflected; 
upper surface with a pair of irregular elevations and numerous small tubercles. 
Gaster subspherical, but little longer than broad, anterior border straight, first seg¬ 
ment obtusely ridged on the sides anteriorly, without a median depression and uni¬ 
formly covered with small tubercles which are somewhat larger on the dorsal than 
on the ventral side. Legs well-developed and, like the antennal scapes, covered 
with small tubercles. 

Mandibles somewhat shining, finely striated at their bases, more coarsely towards 
the inner edges of the blades. Remainder of body opaque, granulate-rugulose; 
rugulse on the sides of the head and between the lateral and frontal carime longitudi¬ 
nal and minutely and irregularly tuberculate. on the front converging from each 
side towards the median line. On the thorax the rugul® are irregularly longitudinal, 
more regularly on the rnesonotum and scutellum where they are interrupted by low 
tubercles. Postpetiole and first gastric segment, especially at its base, obscurely 
and longitudinally rugulose. 

Hairs dark brown, short, hooked or curved. sul)ercct, unifonnly covering the 
body and appendages. Antennal funiculi with very fine whitish pubescence. 

Ferniginous brown, front and \'ertex darker, mandibular teeth black. Whole 
surface of body bluish pruinose, 

^fale. Tvength: 4 n mm. 

Head, without the eye.s. somewhat longer than broad, a little broader behind 
than in front, with straight |x»sterior border. Posterior orbits at the middle of the 
head. Mandibles well-developed, with two larger, acute apical and several small 
basal teeth. Clyt>cu.'< ^rith entire, broadly rounded anterior lx>rder. Frontal 
carinop with wdl-develoi>ed anterior lolx*s and short po,sterior ridges which bend 
around latendly and pass over into the li\teral carinas thus enclosing two elliptical 
facial cadties. Antennie slender, sca|X‘s slightly thickened distally and reaching 
more than J their length beyond the po.sterior corners of the head. Posterior comers 
with short, acute spines, those on the superior and inferior angles Idng somewhat 
larger than the others. Inferior and superior pronotal spines very small and acute. 
Mayrian furrow’s of rnesonotum distinct but shallow. Scutellum like that of the 
femjde, Epinoturn with base somewhat shorter than the oblique declivity; spines 
rather short, somewliat longer than broad at the base, as long as the base of the epino- 
tum, acute, directed backward and slightly outward, covered with small tul:)ercies. 
Petiole similar to that of the female but concave in the middle and traversed by four 
longitudinal tuberculate ridges, Postt)etiole less than twice as broad as the jietiole, 
and nearly twice as broad as long, subpentagonal, with broadly excised |K)'!terior 
border and covered with tubenies. Gaster elliptical, convex above, covered uni¬ 
formly with small acute tubercles except in the middle line near the base. Outer 
genital valves short and broad, with rounded median pair tenuinating in a 
straight, attenuate point. Hypopygiiun entire, very bluntly pointed in the middle. 
I^egs long and slender, covered with very small and rather indistinct tul)crclcs. Last 
tarsal joints enlarged. 
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Mandibles siibopaque, veiy finely and indistinctly striated. Body and appen¬ 
dages opaque. Facial cavities gramdar; dorsal portions of head, raesonotuin, 
paraptera and scutellum coarsely and reticulately rugose. Remainder of body 
coarsely granular, the pronotum, pleune and epinotuni also more or less irregularly 
rugulose. 

Hairs fulvous, similar to those of the female. 

Black or dark brown; mandibles, elypeus, anterior corners of head, funiculi, 
thoracic sutures, tarsi, knees and tips of tibiw, genitalia and posterior and lateral 
borders of the gastric segments fulvous. Wings blackish, with yellowish costal 
cell and brown veins. 

Arizona: Palrnerlee, Cochise County, Aug. 24 (C. Schaeffer). 

Described from a single female and six males. 

This species is clearly distinct though in certain respects it is intermediate 
l)etwecn T. sepieufr ion alls aiul iurrifex. The female differs from that of 
turrifex in the longer antennal scapes, which sur]jass th(‘ posterior corners 
of the head, and the posteriorly excised j)ostpctiole, and from both this and 
septenfrionalis in its much heavier sciilpturt% the greater size of the pronotal 
spines and the shape of the gastcr, which is not oblong and impressed in the 
middle. 


8 . Atta (Trachymyrmex) jamaicensis Ern, Andrd, 

Atta (Acromyrtnex) jamniccfusjs Krv. Axdui':, Rev. d'lOntom., Juillet. 1893. p. 140, 

Trachymyrmex sharpii Forkl, Trans. Ent. Soc. London. 1803, Pt. IV, Dec. pp. 372. 
373, 5. 

Atta {Trachymyrmex) maritima Wiii kler, Bull. Am. Mas. Nat. Hist., XXl, lOOo, 
pp. 107-109, pi, vii, figs. 7 and 8. g • 

Woi’ktr, Length: 3.5-4.5 inm. 

Head, without the mandibles. a.s broad as long, soinewhat broader l>ehind than 
in front, with obtusely excised posterior border, rather acute posterior angles and 
slightly convex sides. Eyes somewhat flattened, in front of the middle of the head. 
Clypeus with a small .sinuate notch in the middle of its anterior border. Frontal 
area triangular, indistinct. Frontal rarina? with broad subtrinngular lobes in front, 
their surfaces not impressed in the mi<idle, continued back as u pair of diverging 
ridges to the posterior corners where they meet the fwstorbital ridges thus enclosing 
elongated grooves for the antennal sca|H*s. Vertex with a pfur of blunt projections 
and short rows of small tubercles. Each posterior corner of the head with three 
short blunt spines at the angles of an equilateral triangle. Antenme slender, scapes 
somewhat enlarged towards their tips which surpivss l»y less than i their length tho 
posterior comeis. l^ronotum with a blunt, lappc*t.-shaped inferior and a long pointed 
superior spine on each side. In the middle Ixjtvveen the two spines is a small double 
tubercle. Mesonotum with a pair of robust and rather blunt anterior and a pair of 
small acute posterior spines. Mesogpinotal constriction long and rather sludlovv. 
Epinotum with subequal base and declivity meeting almost at a right angle, the 



1907.] 


Wheelerf Fungiis-^owing Ants of North America. 


713 


fonner convex in profile, the latter straight; spines long, acute and rather slender, 
distinctly shorter than the base of the epinotiim, directed obliquely upward, backward 
and outward and continued forward as a pair of blunt, subparallel ridges on the 
base of the epinotum. All the thoracic spines, except the inferior pronotal pair, 
covered with small tubercles. Petiole from alx>ve oblong, slightly longer than 
broad, abruptly narrowed anteriorly into a short peduncle; node ^ith four 
equidistant acute teeth. Postpetiole trapezoidal, more than twice as broad as 
the petiole, as long as the petiole, as long as broad, semicircularly impressed 
in t-he middle behind but with straight, entire posterior border. The border 
of the impressed region and the sides beset with small tubercles. Gaster suboblong, 
slightly broadest behind the middle, narrowed in front; first segment mth promi¬ 
nent lateral ridges and three broad longitudinal depressions on the dorsal surface. 
Tubercles small and acute, absent in the median depression and on the ventral sur¬ 
face. Legs long and like the antennal scapes covered with small tubercles. 

Mandibles with shining, coarsely punctate blades, more opaque and finely 
striated at the base. Remainder of body and apjxind:3ges opaque, granular. 

Hairs brownish, very short aiKl curvofl, longer on the anterior and inferior j)or- 
tious of the head and legs than on the body. Pubescence whitish, very fine and 
dilute, confined to the antennal funiculi. 

Black; mandibles, except the teeth, thorax, |xdiole, and postpetiole ferruginous 
or yellowish; pleurae more or less clo\ided with black or fuscous; antennae, legs and 
apex of giister dark brown, middle portions of femora and tibuc often blackish. 

Female, Length: 4.5-5 imn. 

Head similar to that of the worker. Proiiotum with rather blunt inferior and 
long and pointed sujx^rior spine.s, which are directed outw^ard and forw^ard and 
.slightly upward. Scutellum convex, its posterior edge excised in the middle and 
with a pair of iicute, laterally compressed teeth. Epnnotum with short convex 
base and longer flattened dts’livity; spines long, slender and acute, directed back¬ 
ward and somewhat outward, l\*tiolcj, postpetiole and gaster like those of the 
worker, but the first broaiiest in the middle and constricted behind and the second 
without tubercles on its upix^r surface. Wings 6 mm. long. 

Surface of body coarsely granular; front and vertex rugulose; mesonotum with 
longitudinal rows of small tubercles. 

Pilosity like that of the worker, but longer on the thorax and gaster. 

Hoad and gaster ver\^ tlark brown; thorax, pedicel, mandibles, antenna' and 
legs piiler, ferruginous. Pleura', two triangular spots on the anterior border of the 
mesonotum, an oblong blotch on the middle of the same region lx*hind, the parap- 
tera and anterior corners of the scutellum, black or dark brown. Wings smoky 
brown w4th darker v«*iiis and yellowish costal cell. 

Male. Tx^ngth:" ;3.5“4.2 mm. 

Head small, without the eyes and mandildes nearly as broad as long, with 
rounded and constricted posterior and very prominent ocellar region. Eyes large 
and convex, their posterior orbits at the middle of the head. Mandibles acute, 
denticulate, but rather feeble. (lyP^us with straight, entire anterior bonier. 
Antennie very slender; scapes surpassing the posterior corners of the head by about 
i their length. Pronotum with very sniall, acute superior spines and the inferior 
spines reduced to angles on the lower border of the segment. Mcsoiiotiun and 
scutellum convex, the fonner with distinct but shallow* Mayrian furrows, the latfei 
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with a pair of small acute teeth on the posterior border. Epinotum with short, 
convex base and longer sloping and concave decli\ity; spines short, acute, not 
longer than the base and hardly longer than broad at their insertions. Petiole and 
post petiole like those of the worker, but the former narrowed behind the middle and 
the latter with more obscure tubercles. Gaster elliptical, broadest in the middle 
tapering behind, without depressions and ridges on the first segment and with very 
minute piligerous tubercles on both the dorsal and ventral surfaces. Genitalia 
small and retracted. Legs very slender, without tubercles; terminal tarsal joint 
slightly enlarged. Wings large, 5.5 mm. long. 

'V\iiole body and apj^ndages opaque, minutely granular; head finely and 
longitudinally rugulose behind. Mesonotuin with longitudinal row’s of shallow* 
oblong depressions or foveolie. Mesopleurse feebly rugulo.se. 

Hairs like those of the w orker and female, but finer, straighter and more appressed 
on the legs and antemue. 

Dull, rather light ferruginou.s; posterior portion of head, Mayrian furrow's, 
lateral borders and a large oblong s|>ot on the posteromedian portion of the mesono- 
turn, paraptera and sides of the scutellum black. Wings like tho.se of the female. 

West Indies: Jamaica (T. D. A. Cockertil); St. Vincent (H. Smith); 
Andros and Netv Providence Ls.. Bahamas (Wheeler); Culebra (Wheeler). 

1 believe there can be no doubt that Forel’s T. sharpi, Andre’s jamaiven- 
sis and my maritima are all the same s[K*cies. I have recently found in the 
collection of the Pliiladciphiu Academy of Sciences a f(*w workers from 
Jamaica, which agree very cio.scly with Andre’s description and with my 
specimens of vmrilma from the Bahamas. These, in tnni, are almost 
identical with .specinums collcM ted fnmi a greater number of colonies in the 
island of Culebra, Prof. Ford, to whom specimens from the latter locality 
were sent, pronounces tlicm to be '‘indi.stinguLshable from .small sjx^cimen.s 
of sharpi'' Andrt'*’s name jamaiceusis must stand, however, as his descrip¬ 
tion was published .^ome six months earlier than ForeKs. So fur as known, 
therefore, there is only a single widely distributed .species of Trachymi/rmex 
in the We.st Indies, although there is an allied form (T. vrichi Forel) in 
Trinidad and a subs|x"cie.s of this (fuscatus Emeiy) and several distinct 
sjxjcies of tile subgenu.s on the adjacent South American continent. 

T. jamaimisls is readily di.stingui.shed from all of our North American 
species by the |x?culiar coloration of the worker and female, the stnicture of 
the frontal and })o.storbital carina*, the shaix? of the petiole and postjK'tiole, 
etc. The male is })t*culiar in (*oloration, the shape of the head, an«l in having 
ver}^ .small, concealed genitalia. 


9. Atta (Mycetosoritis) hartmaimi .subgen. et «p. nov. 

Worker. (PI. XLIX, Figs, 6 and 7.) Length: 1.8-2 mm. 

Head, without the mandibles, longer than broad, but little broader behind than 
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in front, with broadly and obtusely excised posterior margin, subparallel sides and 
rather acute posterior corners. Eyes moderately convex, just in front of the middle 
of the head. Mandibles convex, with two large, acute apical and several small and 
indistinct basal teeth. Clypeus moderately convex, with entire, broadly rounded 
anterior margin. Frontal area large, triangular, distinct. Frontal carinae with 
very large, broad, flattened lobes anteriorly overlapping the insertions of the antennae. 
These lobes have acute anterolateral corners and are separated by distinct reentrant 
angles from the posterior ridges which are straight, diverging and continued back to 
the posterior comers of the head. Lateral carin« continued back only a little behind 
the eyes where they turn in but fail to meet the frontal carin£B, though leaving a 
marked groove for the accommodation of the scape and extending to the posterior 
comer. Antennsp robust, scapes somewhat thickened distally, reaching with their 
tips to the posterior corners. Thorax long and stout, especially in front, though 
decidedly narrower than the head. Pronotum without inferior spines, with a pair 
of obtuse spines at the humeral angles and a pair of tubercles in the middle almost 
as far apart as each is from a lateral spine. Mesonotum with a blunt ridge on each 
side, somewhat higher in front and l:^hind than in the middle. These ridges con¬ 
verge rapidly Ix^hind and just in front of the deep mesoepinotal constriction. Epi- 
notum in profile with subequal base and declivity, the fonner convex, especially in 
front, with a pair of ridges diverging i>osteriorly and continued into the small rather 
blunt spines. w*hich are but little longer than broad at their bases, and directed up¬ 
ward, backward and outward. Epinott^l decii\ity sloping, concave. Petiole from 
above 8ul)oblong. broader than long, a little broader Ixjhind than in front where it 
i.s suddenly constricted into a short i)eduncle; node above with a pair of rather acute 
teeth. Postjxjtiole times as broad as the petiole, broader behind than in front, 
sides slightly rounded, po.sterior l)or<ler angularly excised in the middle. Gaster 
sul>oblong, broader l>ehind than in front, not impressed in the middle above, anterior 
and lateral borders straight, the latter with indistinct longitudinal ridges. Legs 
rather long and stout. 

Opaque throughout; mandibles veiw’ finely striated, especially at the base, 
liody very finely gmnular; front and \ertex longitudinally rugulose; first gastric 
segment cov'cnxi uniformly with minute tulicrcles. 

Hairs whitish, sulien^ct. curved and short on the body and ap|)endages, longer 
and more conspicuous on Ihe clyi>eus and mandibles. 

F'emiginous brown; upjier surface of head more or lejss blackish. 

Female. Jxjngth ; 12 5-2 7 nmi. 

Head resembling that of the worker, anterolateral corners of frontal earinaj 
mbre acute; ocelli very small and indistinct. Pronotum large, with a pair of stout, 
acaiininate superior spines ilirected forward, outward and upward. Mesonotum 
small, elliptical, flattened, somewhat narrowed in front, with distinct but shallow' 
Mayrian furrows. Scutellum as long as broad, with excised jx>sterior border and 
acute posterior angles. Epinotum with short, convex base, long concave and verti¬ 
cal declivity and short spines directed backward and outward. Petiole, jxistpetiole 
and gaster resembling those of the worker. Wings short (2 mm.) and rounded; 
venation like that of Traehymyrmex and Cyphomyrmex but with the inner brancli 
of the cubital and the distal segment of the externomedian veins very faint or obso* 
lete. 

Like the worker in sculpture, pilosity and coloration, but with the mesonotum 
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longitudinally rugulose. Sciitelliim and paraptera darker than the remainder of 
the thorax. Wings opaque, fuscous; yellowish towards the base and costal margin. 

Male. (PI. XLIX, Fig. 8.) Length: 2 mm. 

Head, without the eyes and mandibles, but little longer than broad, broader 
behind than in front, with flattened occipital region and a longitudinal ridge on each 
side of the rather acute posterior corners. Eyes large and convex, the posterior 
orbits a little behind the middle of the head. Mandibles like those of the worker 
in shape but smaller and feebler, ('lypeus with entire, rounded anterior margin. 
Lobes of frontal carinie similar to those of the worker but erect; their posterior ridges 
short and meeting the lateral carina\ Scapes very short, extending only a little 
distance beyond the posterior comers of the head; funidilar joints cylindrical, joints 
1-7 less than twice as long as broad, tenninal joints somewhat longer. Pronotum 
with short, acute superior spines; inferior spines absent. Mesonotum with distinct 
Mayrian fuiTOws. Paraptera produced posteriorly as short teeth. Scutellum like 
that of the female. Kpinotum with subequal base and declivity, the fonner convex, 
the latter concave; spines about half as long as the base, blunt, somewhat cursed, 
directed upward and outward. Petiole and posti)etiole like those of the worker, 
but the fonner proportionally longer, the latter broader. (Jaster elliptieal, median 
genital appendages digitifonn, with blunt tips. Hypopygimn with entire rouncle*! 
posterior margin. Legs rather stout; terminal tarsal joints not enlarged. 

Opaque; mandibles and gaster faintly sliining; the fonner \’ery finely, the body 
more coarsely and densely punctate. Head, thorax and posti)t‘tiole also irregularly 
reticulate-rugulosc; first gjistric segment above with minute, acute and uniformly 
distributed tubercles. 

Hairs like those of the worker; more distinct and scattered on the gaster. 

Head, thorax and jx^dicel black; first gastric segment very diirk brown; remain¬ 
ing gastric segments, niandible.s, antennsc and legs light brown or yellowish, antennal 
scapes, coxa*, and middle portions of the femora infuscated. Wings like those of 
the female. 

Texas: IMontopolis and Delvalle, near Austin (Wheeler). 

This species which I take pleasure in dedicating to my former pupil, 
Mr. C. G. Hartmann, who aided me in excavating the nests of this and 
other Texan Attii, may be regarded either as a degenerate and simplified 
Trachymyrmex or as an ab<‘rrant Cyphomyrmex. It resembles the species 
of Trachymyrmex in its form and pilosity, w^hile it approaches the species of 
Cyphomyrmex in its small size, the very large lobes of the frontal carinie, the 
reduction of the cephalic and thoracic spines and the aKsence of tubercles 
on the greater portion of the body. In 1887 (Verb. zool. hot. Ges. Wien, 
XXXVII pp. 561, 562) ]\Iayr described an aberrant female Attiine ant from 
Brazil as Cyphomyrmex osjkx, which, though considerably larger than the 
above described s])ecies, w ould seem nevertheless to belong to the same sub¬ 
genus. More recently Emer\^ (Bull. Soc. Ent. ItaL, XXXVI, 1905, pp, 162, 
163) has described and figured a single worker specimen from Chubut, 
Argentina, as dubiously referable to Mayris species. This specimen mcas- 
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ures 3 mm. in length and has no reentrant notch between the anterior lobular 
and posterior ridge-like portions of the frontal carinse, and the shape of the 
thorax appears to differ considerably from that of hartmanni, Emery, to 
whom I sent some workers of this latter form, says, however, that both 
species ‘‘connetano tra loro i generi Attae Cyphomyrmex; 4 dubbio a quale 
dei due convenga meglio assegnarli.’’ As I shall show in the latter part of 
this paper, the habits of hartmanni are much more like those of Trachymyr- 
mex than Cyplwmyrmex, so that the subgenus Mycetmoritis, which I have 
erected for this species and aspera Mayr, belongs rather with Atta s. lat. M, 
hartnmnni should be regarded as the type of this subgenus as Mayr’s species 
is so imperfectly known. 

10. Atta (Mycocepurus) smithi Forel. 

Atta {Mycocepurus) smUhii Forel. Trans. Ent. Soc. London. 1893, p. 370. 

Worker, (PI. XLIX, Figs. 15 and IB.) I^ength: 2.2-2.5 mm. 

Head, without the mandibles, slightly longer than broad, a little broader in 
front than l)ehind, with obtusely excised posterior border, pointed f)osterior comers 
and rather convex sides. There is a distinct though shallow occipital groove. Eyes 
moderately convex, just behind the middle of the head. Mandibles narrow, acute, 
with oblique, 5-toothod blades. Clypeus short and broad, with entire, nearly 
straight anterior liorder. Frontal carinie with small rounded lobes. ver>^ close to¬ 
gether and separated only by a narrow, cuneate groove; they arc continued behind 
as low diverging ridges which fade away before reaching the posterior corners. 
Postorbital cariiia? indistinct, reaching the }M>sterior corners but not including with 
the frontal ridges distinct grooves for the accommodation of the antennal scapes. 
Scapes much shorter than the funiculi, slightly thickened towards their tips, which 
barely surjmss the |X)sterior comers of the head. Thorax long, in front about i as 
broad as the head, with deep mesotipinotal constriction. Pronotum without inferior 
spines, above with four upw ardly directed spines arranged in an arc with its convexity 
directed forward; the two outer spines longest and each with a small acute tooth in 
front of its base; the inner pair of spine.s .small. Mesonotuin also with an arc of four 
spines but with its convexity directed backw’ard, so that the spines on l)oth segments 
form a broad ellipse. The anterior mesothoracic spines are longer than the posterior 
pair. There is also a pair of small projections close together near the anterior borders 
of the mesonotuin and in the middle of the ellipse. Epinotum with the base fully 
twice as long as the declivity, the former with four successive pairs of spines, the 
first and third very short and acute, the second longer and the fourth, representing 
the typical epinotal spine.*? of other Attii, fully as long as the decli\ity, slender, 
pointed, directed upward and slightly backward and outward, curved inward at 
their tips. Metastemum w ith a small blunt tooth on each side. Petiole from above 
narrow, fully twice as long as broad, somewhat violin-shaped, broader behind tbnn 
in front, constricted just in front of the node which is cuboidal, with a concave sur¬ 
face and each of the four upper comers produced into a small spine. In profile its 
upper surface is horizontal, its anterior .slope long and concave. Post petiole nearly 
four times as broad as the petiole and nearly as broad as long, campanulate, with 
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four longitudinal ridges of which the median pair are blunter and separated by a 
longitudinal groove deepening suddenly at the posterior margin of the segment to 
form a somewhat circular pit. Gaster much smaller than the head, fully J longer 
than broad, widest posteriorly, with straight sides and anterior border and acute 
anterior angles. The first segment has a sharp longitudinal ridge on each side but 
no median depression. Legs long and rather stout. 

Opaque throughout; mandibles very finely striated; head above irregularly 
reticulate-rugose, more coarsely behind than in front. Remainder of body and 
appendages very finely and obscurely punctate-granular and faintly reticulate, 
except the gaster which is more distinctly and evenly punctate and slightly roughened 
on its upper surface. Legs and scapes also slightly scabrous. 

Hairs yellowish; very short, curved and sparse, subreclinate, most distinct on 
the ga ter and appendages. Pubescence veiy^ fine, whitish, confined to the antennal 
funiculi. 

Yellowish ferruginous; upj^r surface of head and gaster and the ridges and tips 
of the spines darker Mandibular teeth black. 

St. Vincent: Bellisle (H, H. Smith). 

Cuba. 

I have redescribed this sjx^cies from u tyj>e specimen kindly sent me by 
Professor Forel who has also described a closely related species, 3/. geeldii, 
from Brazil. The subgenus Mycocepimts, as Forel has shown, is related 
to the other subgenera of Afta on the one hand and to Cyphomyrmex and 
Myrmicocrypta on the other. It is peculiar and aberrant, however, in its 
small size, its small, closely approximated frontal lobes and spinulation. 
Hitherto M, smiihi has been known only from St. Vinc'ent. I have received 
specimens from Cuba. Among the materials in my collection I find also a 
number of workers from two other l(»calities and representing the following 
varieties: 

11. Atta (Mycocepurus) smithi var. borinquenensiB var. nov. 

Porto Rico: Vega Baja, Arecibo, Utuado, Monte Mandios (Wheeler). 

The workers of this form resemble the type very closely in size, coloration 
and sculpture but have on each side of the occipital furrow at the postero¬ 
median border of the head, a distinct tooth which is nearly as large as the 
teeth which form the posterior comers. The posterior epinotal spines are 
curved inward at their tips as in the type. 

12. Atta (MycocepuruB) Bmithi var. tolteea var. nov. 

Mexico: Tuxpan, Jalisco (J. F. McClendon). 

Closely resembling the type, but of a yellow color and with straight, 
more acute and more erect posterior epinotal spines and feebler cephalic 
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sculpture. The two median occipital teeth of borinquenenMs are represented 
by low, pointed ridges. 

13. Cyphomyrmex rimosus Spinola, 

Cryptocerus ? rirnosus Spinola, Mem. Accad. Sci. Torino (2), XIII, 1851, p. 65 no. 
49, 5 d'. 

Cryptocerus rimoma F. Smith, Trans. Ent. Soc. lA>ndon (2), II, 7,18.54, p. 223, no. 28, 
Meramplua difformia F. Smith, Catalog. Hymen. Brit. Mus., VI, 1858, p. 195, no. 
7, 5. 

Cryptocerus rimoaua F. Smith, Tran.s. Ent. Soc. London (3), I, 4, 1862, p. 409, no, 

11. s. 

Mcranopiua difformia F. Smith, Trans. Ent. Soc. London (3), I, 4, 1862, p. 413, 
no. 7, 5. 

Cyphomyrmex deformis Mayr, Verb. zool. hot. Ges. Wien, XXXVH, 1887, p. 558, 
5 9 c9 (in part). 

Cyphomyrmex rimoaua Dalla Torre, Catalog. Hymen., VII, 1893, p. 150 (in part). 
Cyphomyrmex rimoaua Emery, Bull. Soc. Ent. Ital., XXVT, 1894, pp. 88, 89. 
Cyphomyrmex rimoaua Ukich. Trinidad Field Nat. Club, II, no. 7, 1895, p. 181. 
Cyphomyrmex rimoaua Forel, Biol. Centr.-Am., Hymen., Ill, 1899-1900, p. 40. 

The typical form of this widely distributed and variable species appears 
to be confined to northern South America and the adjacent mainland of 
Central America and Mexico, It is represented in my collection by a few 
worker and female specimens from Grenada, Nicaragua (C. T. Baker) and 
a number of workers from Manatee, British Honduras (J. D. Johnson). 
In these specimens the postpetiole of the worker is less than twice as broad 
as long and the color is of a rich yellow ish brown, w ith the head and posterior 
portion of the gaster clouded with dark brown. In the female the post¬ 
petiole is scarcely broader in proportion to its length and has a perfectly 
straight posterior border. According to Emerj* the male has a relatively 
narrow’ head, with verj^ acute jxisterior angles and the postpetiole is less 
than IJ times as broad as long. A single W’orker in my possession from 
Hajii (P. J. Schmitt) approaches the tj’pical rimosus more closely than the 
Central American specimens, as its thoracic protuberances are longer and 
more acute and the postpetiole is only IJ times as broad as long. The 
following variety, according to Emerj’ (in IHteru), approaches the typical 
riimsna very closely except in its darker color, 

14.'”' Cyphomyrmex limoaos var. eomalensis var. nov. 

Worher, (PI. XLIX, Fig. 1.) Length: 1.8-2 mm. 

Head, without the mandibles, longer than broad, much narrower in front than 
behind, with obtusely excised posterior margin and rather sharply angular posterior 
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comers. Eyes moderately convex, near the middle of the head. Mandibles small, 
5-toothed. Clypeus short on the sides, with a triangular median portion which has 
a rounded, raised and entire anterior border. Behind it is wedged in between the 
frontal carinfic which are dilated in front to form two large horizontal lobes impressed 
in the middle, rounded on the sides, bluntly angular in front and separated at the 
level of the eye by a reentrant angle from the posterior ridges. These diverge and 
extend to the posterior corners of the head where they meet the postorbital ridges 
and form with them rounded ear-like lobes. Each postorbital ridge is furnished 
with a blunt but distinct tooth just behind the eye. The frontal and postorbital 
ridges enclose a deep groove for the accommodation of the antennal scape. Vertex 
of head \\ith a pair of low, rounded elevations. Antennal scapes robust, thickened 
towards their tips wdiich extend a little beyond the posterior corners of the head; 
funiculi slender at the base; joints 2-8 slightly broader than long. Pronotum with 
four blunt protuberances above in a transverse row, the lateral pair larger and more 
angular, the inner pair small and closer together than to the lateral pair. Meso- 
notum a little longel* than broad, broader in front than behind, on each side with a 
blunt ridge, nearly interrupted in the middle so that in certain lights the mesonotum 
seems to bear two pairs of blunt, elongated elevations. Mesoepinotal constriction 
very short and rather deep. Epinotum with a convex base, which is considerably 
shorter than the sloping, flattened declivity, and with a pair of anteriorly converging 
ridges. The spines are represented by very small, blunt elevations at the posterior 
ends of these ridges. Petiole somewhat more than twice as l)road as long, flattened 
above, with rounded sides, only J as broad as the post petiole, which is twice as broad 
as long, convex in front and with a feeble excision in its posterior lx>rder. In front 
of this excision there is a distinct elongate median depression. Caster suboblong, 
somewhat longer than broad, with a very short and indistinct median depression 
at the anterior border. Legs long and stout; hind femora l>ent and angularly 
dilated near the base on the flexor side. 

Opaque throughout; mandibles very finely and densely striated; remainder of 
body minutely granular. 

Hairs white, short, scale-likc, appressed and unifonnly distributed, more slender 
on the legs than on the body. Pubescence very fine, whitish, confined to the man¬ 
dibles and funiculi. 

Very dark brown, upfier surface of head and gaster black, anterior portions of 
the frontal lobes, antennal scajics and tibiie dark browii; remainder of legs, funiculi 
and mandibles light brown. 

Female, Length: 2.2-2.4 min. 

Head very similar to that of the worker. Pronotum with pointed inferior 
angles at the coxal insertions, and alx)ve with a pair of blunt angular projections 
which are as broad at their bases as long. Mesonotum anteriorly with a longitudinal 
median depression and distinct Mayrian furrows, so that its surface is separated 
into four slightly convex, elongated areas, two anterior and two posterolateral. 
Epinotum with very short, convex base and long, abruj^t and concave declivity; 
spines blunt, laterally compressed, shorter than broad at their bases. Scutellum 
flattened, broader than long; its posterior margin excised in the middle and pro¬ 
duced as a broad tooth on each side. Pedicel, gaster and legs similar to those of the 
worker, but the postpetiole nearly three times as broad as long, with nearly straight 
posterior border. 
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Like the worker in sculpture and pilosity. 

Head, postpetiole, gaster and apjxjndages colored as in the worker. Thorax 
dark brow^n, raesonotum and scutellum blackish, each of the convex areas of the 
former with a reddish brown spot. Wings opaque, smoky brown, with pale veins. 

Male. Jjength: 2.3 mm. 

Head, including the eyes, about as broad as long, with straight posterior border 
and acute posterior angles. Eyes large and convex, in front of the middle of the 
head. Ocelli projecting. Mandibles rather slender, with two apical and no basal 
teeth. Clypeus convex, with very faintly notched anterior border. Lobes of 
frontal carinap like tho.se of the worker but erect; posterior ridges obsolete. Antennae 
slender; scapes suddenly thickened tow'ards their tips and surpassing the posterior 
corners of the head by nearly J their length; funicular joints cylindrical, less than 
twice as long as broad except the four terminal joints which are longer; first funicular 
joint thicker than the others. Thorax similar to that of the female but much more 
slender; basiil surface of cpirujtuni longer; spines short and rather acute. Petiole 
and |)ostpetiole like tho.se of the worker, but the fonner segment is proportionally 
longer and the latter lias the median depres.sion further forward. Gaster elliptical, 
slightly flattened; first segment in front with a narrow, faintly impressed line. 
Genitalia retracted. Legs slender; hind femora without a triangular projection 
on the flexor side, 

(3paque; gaster finely shagreened and distinctly shining. 

Appressed white hairs less .scale-like and conspicuous than in the worker and 
female, especially on the gaster; very short on the legs and antennal .scapes. 

Goloration similar to that of the worker; tenninal gastric segments, legs and 
antennie dull yellowish brow n. Wings as in the female. 

Texas: Sources of the Couial Kiver at New Braunfels (Wheeler). 

15. Oyphomymex rimosus var. fuscus Emcrif, 

Kmkuy, Bull. Soc, Ent. Ital., XXVI, 1804, p. 89. 5 9 

In tills variety, described from Santa Catharina, Brazil, all three jihases 
are 'Tmtirely brotvn; mandibhvs, funiculi and articulations reddish; stature 
a little more robust'' than the typical form. 

Kb Oyphomyrmex rimosus var. major Forel, 

Forel, Ann. Soc. Ent. Belg, XLV, 1901, p. 125. §• 

In the worker of this variety from Guatemala the stature is somewhat 
larger (2.7~-2.8 mm.) than that of the typical form, the ear-like corners of 
the head longer and the thoracic ridges and projections more prominent. 
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17. Oyphomjrrmex rimosus mlnutus Mayr, 


Cyphomyrmcx minutus Mayk, Verb. zool. bot. Ges. Wien, XII, 1862, p. 691 no. 1 
Cataulacus deformia Koger, lierl. cntoin. Zeitsehr.. VJl, 1863, p. 210, no. 104, 9 
Cyphomyrmcjc sicvihrili Forel, Bull. Soc. Vaud. Sc. Nat. (2) XX, 91, 1884, p. 368, 

Cyphomyrmcx deformis M.\yk, Verb. zool. bot. Ges. Wien, XXXVIII, 1887, p. 5t58, 
2 9 o' (in part). 

Cyphomyrmcx rimosus Dalla Torre, Catalog. Hymen., VH. 1893, p. 150 (in part). 
Cyphomyrmcx rimosus P’orel, Trans. Ent. Soc. London, 1893, Pi. IV. p. 374. 
Cyphomyrmcx rim<Ksus sul>sp. minutus Emery, Bull. Soc. Ent. Ital., XXVI, 1894, 
p. S9, § c?. 

Cyphomyrmcx rimosus Forel. Biol. Centr.-Ain., Hvnien., III. 1S99>-1900, p. 40 
(in part). 

Cyphomyrmcx rimosus .sjub^p. yninutus Wheeler, Bull. Am. Mun. Nat. Hist., XXT, 
1905, p 106, figs. N. and (). 

Venezuela: rayeiine (Funerv). 

West Indies: Cuba (Mavr); St. Vincent (II. 11. Smith); New Provi¬ 
dence, Bahamas (Wheeler); (Tilehra and Poilo Rico (Wheeler). 

Florida: Planter, 1\(‘V Largo (Whe(‘lt*r). 

This subspecies M’hich is confined to tlu' West Indies and adjacent shores 
of North and South America, appears to (lifter very slightly from the typical 
form of the species and the var. comalensis. The worker is somewhat 
smaller and often of a ])aler color, with the thoracic projections more fc'ebly 
developed and more rounded and the v(‘.stig('s of the epinotal sj)ine.s even 
more insignificant. Both the j>etiole and postjxtiole are eon.siderably 
broader, each being fully twice as broad as long. According to Emery the 
male of minutus has the head rounded behind, but my specimens from the 
Bahamas and Porto Ri<*o have the posterior border of the head straight and 
the posterior angles projecting as acute teeth. In the female the epinotum 
is very steep, with small, blunt spines, Ford seems never to have accepted 
this subspecies, and I am myself very doubtful whether it deserves to rank 
as such. It is certainly much less distinc^t and less easily recognizable than 
the following: 


18. Cyphomjrrmex rimosus dentatus Forel 

Cyphomynnex rimosus race dentatus Forel, Ann. Soc. Ent. Belg., XLV, 1901, p. 124 

s. 

Cyphmyrmex rimosus subsp. dentatus Wheeler, Ann. Soc. Ent. Belg., XLV, 1901, 

p. 200. 
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Mexico: Cuernavaca (Wheeler). 

The worker of this marked subspecies is described by Forel as follows: 
“Differs from the type in that the basal surface of the epinotum has two 
distinct teeth. The pronotal protuberances are stronger, more dentiform. 
The occipital ears are a little more pronounced than in the type of the species, 
and especially form a more complete and larger groove for the scape which 
sur{)asses them little if at all. Entirely pale ferruginous yellow, with the 
front and vertex indistiii(‘tly brown. The petiole is also broader. The 
postpetiole has a strong median notch at the middle of its posterior border 
and its sides arc prolonged as dentiform cones which are curved backward. 
The sculpture is that of rimnsus, but the gaster has a distinct but very fine 
system of minute, blunt tubendes. The pubescence is extremely short 
and very fint‘, not dilated nor brilliant, so that it is inconspicuous.** 

Two d(‘alated femal(‘s of deutafus in my collection measure 2.4 mm. in 
length, and have j)r()ininent but blunt and upturned prothoracic spines 
and strong laterally compressed epinotal teeth; the epinotal declivity is 
very concave, the posterolateral (‘ones of the postp('tiole are more prominent 
and the jnedian dorsal region of the same segment is more concave than in 
the worker. The head and thorax arc much rougher than in the females 
of the typical rimosu.s and the gaster is more strongly tul)ercular, with a 
short but d(‘ep median d(‘])ression at the base of the first segment. The 
IkmIv is dark brown, the upper surface of the head and thorax blackish and 
cov(*red with a bluish bloom. 

19. Oyphomyrmex rimosus transversus Emery, 

Cyphontyrnuw rimosuf^ subsp transvenous Emkry, Bull. Soc. Ent. Ital., XXVI, 1894, 
p. IK), 5 g 

Cyphomyrnuw dentafus ra(‘c olindanus Forel, Ann. Soc. Ent. Belg., XLV, 1901, p. 
337, 0. 

Cyphotnyrmex rimosus transversus Emery, Bull. Soc. Ent. Ital., XXXVIII, 1905, p. 
161, 5 ? o". 

Brazil: Matto Gro.sso (Emery); Ceara and Olinda (P. J. Schmitt). 

The worker of this subspecies resembles dentatus in sculpture and in the 
development of the thoracic projections, but the appressed hairs on the 
body are broader and more scale-like even than in the t)T)ical rimosus, 
the petiole and postpetiole broader, and the median dorsal impression on 
the latter and on the base of the first gastric segment deeper and longer. 
The epinotum has blunt but distinct teeth. 

In the female the epinotal teeth are very large, compres.sed and obtuse, 
the pedicel even broader than in the worker. 
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The male lias the posterior border of the head broadly excised and the 
posterior corners witli acute, slightly recurved teeth. Except in pilosity 
transversus is closely related to denfatus, as Forel has observed. 

20. Cyphomyrmex rimosus salvini Forrl, 

Cyphomyrmex rimosus race mlvmi Forei., Biol. Centr.-Ain., Hymen., Ill, 1899- 
1900, p. 40, pi. iii, tig. 2. C. 

Forel described only the female of this form from a specimen takcji at 
Bugaba, Panama. Tlie late* Dr. F. C. Paiilmier brought me from Port 
Limon, Costa Rica two males and several workers which seem to me to 
belong to thi.s same form. The worker is larger than that of any of the other 
subspecies of rimimus, measuring nearly 2..5 mm. The frontal lobes are 
very large and concav(% the ear-like comers of the head much prolonged and 
pointed. The thoracic projections, especially the anterior pronotal pair, 
are long and acute, tlie epinotal teeth very faintly indicated. The petiole 
is more than twice as broad as long, the postpetiole about 1} times as broad 
as long, with excised j)()sterior margin and a posteromedian impression. 
There is also a distinct median impression at the base of the gaster. Th<‘ 
hairs are much flattened and scale-like, pearly white and abundant, appressed 
on the body, but recliiiate or even subercct on the legs anti scapes. The 
body is light chocolate brown, the legs and antenna^ paler. 

The female according to Forel’s description, measures 3.7 mm. and i.s 
very similar to the A\orker in the shape of the head. The superior i)ronotal 
teeth are stout and triangular, the epinotal teeth much reduced. The 
postpetiole is proportionally broader than in the worker, the gaster verj’ 
convex, feebly marginate on the sides and without any indications of de¬ 
pressions and elevations. 

The male, too, is decidedly larger than the corresponding sex in other 
forms of riniosuSj measuring nearly 3 mm. in length. The superior occipital 
teeth are short and acute, the superior pronotal pair blunt and rather slender. 
In the place of the s])incs, the epinotum has a pair of broad, laterally com¬ 
pressed projections, which are continued forward and backward on the 
base and declivity as prominent ridges. The hairs on the body and append¬ 
ages are all appressed and not very abundant, not dilated on the legs and 
only slightly scale-like on the body. The latter is chocolate brown like 
that of the worker, with the first gastric segment blackish, the mandibles, 
clypeus, frontal lobes, antenna?, legs, terminal gastric segments and genitalia 
dull yellow. The wings are very dark brown or blackish. 
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21. Cyphomsrrmex wheeleri Ford, 

Fohkl, Bull. Hoc. Kilt. Suisse, X, 7, 1900, pp. 282-284, g 9 . 

Worker. (PI. XLIX, Fig. 2.) Length: 2.-2.5 mm. 

Head, without the mandibles, longer than broad, broader behind than in front, 
with obtusely excised posterior margin and rather sharp, ear-like posterior corners. 
ICyes moderately large, convex, at the middle of the head. Mandibles acute, with 
five sharp teeth. Clypeus w ith thin, entire anterior border. Frontal area triangular. 
Frontal carinie w^ith large, rounded anterior lobes, each with a circular impression, 
and continued back as a pair of strong, straight, div'erging ridges to the posterior 
corners, w'here they loop around and become continuous with the postorbital carirue. 
thus enclosing deep grooves for the antennal scapes. Each post orbital carina bears 
a prominent tooth just behind the eye. Vertex with a pair of short longitudinal 
ridges as far apart as each is from the |)osterior ridge of a frontal carina and con¬ 
tinued laterally along the occi]>ital border to the posterior corner. Here also the 
‘ears^ are joined by a pair of prominent ridges from the posteroiiiferior surface of the 
head. Antennal scai)es vfjry slender at the base, enlarged tow’ards the tips which 
reach the posterior corners of the head; joints 2-8 of the funiculus a little broader 
than long. Pronotum with a pair of acute inferior teeth and above with a larger 
pair of angular humeral ]»rojeclion.s and a median pair of smaller projections. Meso- 
notum elevated in the middle in the fonn of an elongate elliptical, slightly concave 
<li^c, truncated behind, with a faint trau.sverse depression on its posterior j)ortion 
and bortltTcd with a prominent ridge which is interrupted in the middle in front. 
Mcsot^pinotal constriction short and deep. Epinotum as high as the mesonotum. its 
base very convex and nearly as long as the concave declivity with which it forms an 
obtuse angle in profile. Spines laterally compressed, short and triangular, as brojid 
at the base as long, directed backward and continued forward and backward as 
ridges on the b.ase and declivity. There is also a pair of lateral ridges on the base. 
Petiole nearly twice as broad as long, as broad in front as lK.*hind, wdth rounded 
anterior angles; node short, compressed anteroix)steriorly, with two spines, directed 
upward and backward. Posttwtiole trai^czoidal, Ih times as broad as the jx^tiole 
and less than twice as broad ,as long, with two blunt anterior, two larger and more 
rounded iK)sterior ]>r<)tubcrances and a broad, longitudinal depression in the middle; 
])osterior border entire. Caster suboblong, distinctly longer than broad, as broad 
in front as Induud; first segment convex above, with distinct lateral ndge.s and a 
faint median depression at the base. Tibiie somewhat compresvsed; hind femora 
curved, angularly dilated and compressed near the base on the flexor side. 

Opaque throughout; mandibles very finely and indistinctly striated. Remainder 
of body very finely granular-punctate; antennal grooves and gaster densely ami 
distinctly punctate. 

Hairs short, glistening white, scale-like and appressed, miiformly distributed 
over the appendages and upper surface of the body. Puliescence very fine, whitidi, 
confined to the antennal funiculi. 

Yellowish ferruginous; mandib\ilar teeth black. 

Female. Length: 2.5-2.7 mm. 

Very similar to the worker. Pronotiun with prominent inferior and .svqx^rior 
teeth, the former acute, the latter larger and blunt. !Mesonotum prominent, fiat- 
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tened, with a faint median furrow anteriorly and a pair of broader Mayrian furrows. 
Scutellum with very broadly and faintly excised posterior border separating a pair 
of broad, acute teeth. Kpinotum with the base convex and only about half as long 
as the abrupt concave declivity; spines similar to those of the worker but somewhat 
stouter. 

Sculpture and pilosity as in the worker. 

Color a little darker in old sfiecimens. Wings opaque, infuscated; the mem¬ 
branes and veins in the anterobasal portion of both fore and hind wings fulvous. 

Male, Length; 2 4-2.6 mm. 

Head, without the mandibles and eyes, narrow, longer than broad, with straight 
posterior border. Mandibles like those of the worker but le.ss distinctly denticulate. 
Frontal carime with large, reflected lobes and strong, diverging posterior ridges 
reaching to the poNterior corners where each terminates in a coni))ressed. projecting 
tooth. Postorl)ital carime absent. Antenna* slender. sca|>es enlarged towards 
their tips which surpass the posterior corners of the head by about J of their length. 
Pronotum with indistinct inferior, but prominent and acute suj^erior teeth. Meso- 
notum with distinct Mayrian furrows. Scutellum like that of the female, but with 
more deeply excised posterior border. Petiole and }X)stix‘tiole like tho.se of the 
w^orker and female Caster elliptical, convex above. Legs long and slender. Hind 
femora not angularly dilated below. 

Opaque; very finely and densely pun(‘tate; gaster faintly shining or glossy. 

Pilosity very similar to that of the worker and female. 

Ferruginous; upi^r surface of head and the thoracic depressions blackish; 
basal segment of gaster dark brown abo\e. Mandibles, antenna*, legs and tip of 
gaster yellowish Wings like those of the female. 

Texas: Austin, Belton, T..angtrv, Fort Davis (Wheeler). 

California. Hiree Hivt'rs (Culheitson). 

'^riie types from wliieh the Avc^rker and dealated female were carefully 
de.seribed by Forel, are from Au.stin. The species is allit'd to the South 
AnKTiean C. sfric/afu.s Mayr and C. aurifus Mayr but differs from both in 
having larger frontal lobes and in lacking j)r()minent ridges bn the middle 
of the first gastric .segm(*nt. The ear-like posterior corners of the head art* 
much shorter than in auritus and the .scapes are .shorter than in sirigatns, 

22. Cyphomyrmex flavidus Pergande, 

Cyphomynnex faridns Pki((;axde, Proc. Calif. Acad. Sci. (2), V, Dec. ISflo, p. S95, §. 
Cyphomyrmex fiavulns Fojiel, Biol. Centr.-Ain., H>unon., Ill, 1899-1900, p. 41. 

Worker. Length: 2.2-2.S mm. 

Head, without the mandible.^, longer than broad, broader l^ehind than in front, 
with obtusely excised posterior border and proniinent po.stcrior comers. Eyes (;on- 
vex, at the middle of the head. Mandibles small and acute, with oblique, apparently 
5-toothed blades. Clypeus long and rather flat, with a minute median excision in 
its thin anterior border. Frontal area triangular Lobes of fixmtal carime very 



1907 .] 


Wheeler, Fmgm-grovdng Ants of North America. 


727 


large, horizontal, half as long as the head and extending out laterally a little beyond 
the borders of the head. Posteriorly each of these lol^es has a deep subtriangular 
depression in its surface. The ridges of the frontal carin® diverge backward to the 
po.sterior comers w'here they pass over into the postorbital carin®, not through a 
rounded arc but rectangularly, so that the termination of the antennal groove is 
broad and truncated. There is a ridge on each side of the inferior occipital portion of 
the head and a pair of projections on the vertex, which are continued laterally along 
the occipital border as a pair of blunt ridges to the posterior corners. Antennal 
scapes enlarged towards the tips, which extend a little beyond the posterior comers; 
joint.s 2~7 of the funiculus a little broader than long. Thorax robust; pronotum 
with a pair of acute inferior teeth, which are directed forward, and a blunt protuber¬ 
ance on each side above. Mesonotum in the fomi of an elevated, elliptical and 
slightly concave disc, bordered with a low ridge which is interrupted in the middle 
behind and in the middle on each side. This ridge bears a pair of rounded swellings 
just in front of its lateral interruptions. Mesoepinotal constriction deep and narrow. 
ICpinotum with a i)air of swellings at its base; declivity sloping, longer than the 
base; .spines reduced to a pair of laterally coinpre.ssed and rather acute teeth which 
are as long as they are broad at the base. Petiole and po.sti)etiole resembling each 
other in shape, the foniier twice as broad as long, broader behind where its sides are 
produced as a pair of Idunt angles; it is flattened above, without spines or teeth and 
with a small semicircular im])res.sion in the middle of it.s [X)sterior border. Post¬ 
petiole J broader than the i^tiole, more than twnce as broad as long, rounded in 
front, with a median groove, broadening Ijehind; posterior margin with three semi¬ 
circular impressions of which the median is the largest. Caster longer than broad, 
suboblong, with straight, feebly marginate sides, rounded anterior and posterior 
borders, and a short median groo\'e at the base of the first segment. Hind femora 
curved, with an angular, compressed projection near the base on the flexor side. 

()t)aque throughout. \ery finely and densely punctate-granular. 

Hairs minute, appressed, slightly dilated, gli.steiiing white, rather sparse and 
indistinct. Pubescence fine, whitish, confined to the antennal funiculi. 

Ferruginous yellow; (iy|)eus. frontal lobes, front and middle of vertex more or 
less brownish; mandibular teeth black. 

Mexico: Santiago Ixtqiiintla, Topic (Risen and Vaslit). 

This .spccic.s, winch I have redescribed from a iyiHi specimen kindly 
.sent me bv Mr. Pergande, at first sight closely resembles C. wheekri. It 
may be di.stinguished, however, by the absence of teeth on the petiole, the 
much broader and mom truncated ear-like comers of the head, longer 
antennal scapes and much blunter ridges and projections on the thorax. 
C. flaviflvs is thus intermediate in several respects between wheeleri and 
rimosm, but is undoubtedly a distinct species. Although at present known 
only from northern Mexico, it may be exj^ccted to occur as far north as the 
southern portions of Arizona and California. 
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28. Myrmicoexypta brittoni sp. nov. 

Wiwker. (PL L, Fifijs. 18 and 19.) Length: 2.;j--2.5 nun. 

Head, ^\ithout the mandibles, about as broad as long, slightly broader behind 
than in front, with obtusely excised posterior border, rather straight sides, rounded 
posterior corners and a narrow median longitudinal groove. Eyes distinctly in 
front of the middle, of moderate size and convexity. Mandibles large, convex, 
with straight outer and inner borders, the latter \\ith about ten teeth which grow 
gradually smaller towards the base. ClyjK'us short, with entire, llattened and very 
broadly rounded anterior border. Frontal carirue with flattened but slightly 
reflected lobes, which arc much longer than broad, with roundly angular external 
edges reaching only luilf the distance between the median line and the external border 
of the head. Mesially these lobes are fused with the posterior portion of the clyj)eus 
and enclose the small, indistinct frontal area which is triangular and longer than 
broad. The lobes of the frontal carina* are not contimied behintl in the fonu of 
diverging ridges as in other Attii. Lateral carinie sharp and distinct, continued to 
the posterior orbits and bounding a broad, short and deep antennal groove. There 
are no post orbital cariniv. Antenna* rather .slender; .scapes slightly curved at the 
base and enlarged towards their tips, which slightly surpass the posterior coiners 
of the head; funicular joints all considerably longer than broad, t(‘rininal joint 
nearly as long as the four preceding joints together. Thorax long and rather nar¬ 
row, in front about jj as broad as the head. Pronotum with snialL acute inferior 
angles. There is a pair of blunt epinotal teeth, but otherwise the thorax is smooth 
and without spines or projections. Mcsoepinotul constriction distinct, but long 
and rather shallow. Humeral angles rounded, mesonotuin alH)Ut as long as the 
pronotum, elongate elliptical, flattened, slightly higher tlian the epinotum. Epino- 
tum with subequal base and declivity, the fonner .straight and horizontal, the lattcT 
concav^c and sloping, without longitudinal ridges. Metasternuni with a small 
rounded tubercle on each side. Petiole oblong, ii little broader than long, with 
slightly rounded anterior and acute posterior corners; node evenly convex abovT, 
suddenly constricted anteriorly into a veiy short fieduncle. Post petiole nearly 
twice as broad as the |X'tiole. somewhat broader than long, with straight }K>sterior 
border, rounded anterior corners and straight, subparallel sides; convex and evenly 
rounded above without a ])o^teromediuu impression, (laster smaller than the 
head, longer than liroad, elliptical, with .straight anterior border and convex upf>er 
surface, without lateral ridges or median impre.ssion on the first segment. Legs 
slender, hind femora straight and without an angular projection on the flexor side. 

Opaque throughout ; mandible.s .riightly glos.sy, very finely and densely .striated; 
remainder of body veiy den.sely and unifonnly punctate. 

Hairs short, glistening white, dilated and seale-like, appn*ssed. unifonnly dis¬ 
tributed over the body and appendages. Antennal funiculi and tarsi with delicate 
whitish pube.sccnee. 

Black; clypeus, antennal grooves, inferior comers of pronotum, antennal scapes, 
coxte and legs, dark brown; mandibles, except the teeth, tips of scapes, funiculi, 
tarsi and articulations of legs light brow n or yellowish. 

Porto Rico: Santurce (Wlu^eler). 

Though at once r«*cognizable as an Attiine ant, this .species is neverthe- 
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less so unlike any of the species of which I had seen specimens or descrip¬ 
tions that I at first decided to make it the type of a new genus or subgenus. 
Professor Forel, to whom I sent specimens, has kindly given me a worker 
of a species which he took some years ago in Colombia. This species, 
which he will describe as M, emeryi, is intermediate in certain characters, 
such as the structure of the frontal lobes, l>etween the above described 
brittoni and AL squamosa F. Smith (== uncinata Mayr). 3/. emeryi differs 
from brittoni in having a much longer and more slender thorax, pedicel, 
legs and antenna", in being of a lighter (brown) color and in having the ap- 
pressed hairs on the body and legs, long and not scale-like. The clypeus, 
lower surfaces of the mandibles and the gula have conspicuously long and 
projecting hairs. The petiole is nearly twice as long as broad, the postpetiole 
slightly longer than broad and with a deep rounded excision in the middle 
of its posterior border. The mandibles are more slender, with more oblique 
blades and fewer teeth. The epinotal teeth are distinctly longer and directed 
upward. The frontal carinie are smaller and the tips of the antennal scapes 
extend further beyond the posterior comers of the head. According to 
IMayr’s d(‘soription the thorax in the worker of squamosa is furnished with 
teeth and projections like the more t}q)ical Attii. The Porto Rican and 
Colombian fonns therefore approach Apterostigma and Sericomyrmer 
much mon^ closely than do the other known species of Myrmieocrypta and 
may be regarded as the simplest and most generalized members of the genus, 
if not of the whole Attiine tribe. I take great pleasure in dedicating the 
Porto Rican species to the distinguished botanist, Professor N. L. Britton, 
with whom I passed many delightful and pi'ofitablc hours collecting plants 
and insects in (hih'bra and Porto Rico. 


Paut III. Ethological Observations. 

1. Atta texana Buckley. 

In the Tnited States this large “cutting'' or “parasol" ant (Fig. 7. 
and PI. XLIX, Figs. 11-14), is the only sjK'cies of the tribe Attii that fijrnis 
sufficiently po]uilous colonies to be of any economic importance, or, indeed, 
to l)e sufficiently common and conspicuous to attract the attention of any 
one but a myrmecologist. Although unable to determine its exact range, I 
have found no indications of its occurrence out.side of a rather restri(‘ted area 
in Texans. This an^a appears to have its center at Austin and to comprise 
the territory for some hundreds of miles north and south in a narrow Ixdt 
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wliere^there is a moderate annual rain-fall and where the forests are of a 
mesophytic character. I have never seen it in the dry western portions of 
the state nor have I lieard of its occurrence in thp more humid eastern coun¬ 
ties, in Louisiana or the otlier Gulf States. It was seen as far south as 
Alice in Nueces County, and probably occurs as far north as Waco and 
Fort Worth. It certainly could not endure the winters of the ‘‘Panhandle 
region nor even those of tlie extreme northeastern portion of Texas. Even 
in the vicinity of Austin large colonies of Aita lexana are rather sporadic. 
It prefers the neighborhood of rivers and creeks and especially the rich soil 
of the pecan and the pure sand or somewhat clayey soil of the post-oak 



Fip:. 7. Atta texami Butklrv, jleiUatH sohh«‘r and series of workers; natural 

size. {Pilotograpli by Messis, C. T Brue.s and A, L. Melandei.; 


woods. In such sj)ots one i.^ always sure of finding it along the banks of 
the Colorado, Comal and (Juadeloupe Rivers. ^ 

The nests are nearly always situated in places fully expo.sed to the sun, 
in clearings of the woods, in fields, along roads, etc. In some localities, 
as at Elgin, I have found them in the sand-ballast of the railway tracks. 
The nests can be recognized even at a di.stance as very flat mound.s usually 
not more than one to two dcm. high, with ver}^ uneven surface and con¬ 
sisting of sand or soil of a lighter color than the surface of the surrounding 
country. Closer inspection shows that these mounds, which may cover an 
area of many square meters, have been derived from the walls of craters, 
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washed down and fused with one another by the rains. Several f)erfect 
and recently constructed craters are commonly found on the top or about 
the edges of the mound, and in the case of large and active colonies these may 
be numerous, as in the nest shown in Fig. 8, which was situated on the left 
bank of the Colorado River between Austin and Montopolis. The craters 
in this instance covered an area of more than 100 sq. m. although the nest 
had not been in existence long enough to fonn a distinct mound. They 
varied from a dcm. to half a in. in diameter and from a few cm. to a dcm. 



Fir 8 Large Atfa texaua iie^t on the left bank of the Colorado River between Au>tin 
and Moatopohs, TcAUh. tPhotogiaph by Mr. 0. G. Hail maim.) 

« 

high. Their typical form is shown in Fig. 9, which is taken from the nest 
represented in the preceding figure. The wall of the crater is often higher 
on one side than on the others, or it may be crescentic, that is, interrupted 
at one part of the circumference. The oijening at the bottom varies from 
3-6 cm. in diameter, is often very irregular in outline and leads vertically or 
somewhat obliquely downwanl into a gallciy of the same diameter. The 
large size of the opening is evidently an adaptation for two veiy different 
purposes, first, for enabling the ants to carry in their pieces of leaves more 
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easily, and second, for ventilating the subterranean portions of the nest. 
In the nests of Atta tcxana I have been unable to detect two kinds of craters, 
one used as entrances, the other for ejecting the exhausted portions of the 
fungus gardens, as Forel has observed in the Colombian Atta cephalotes 
and as I have observed at Cuernavaca, Mexico, in the nests of A, mexicana. 
All the craters when frt'sli, consist of large, uniform pellets of earth or sand, 
3-5 mm. in diameter, which are carefully eompa(‘ted and carried to the sur¬ 
face by the workers. The grains of sand or earth seem to Ijc held together 
merely by the moisture that permeates the soil at the depth from which they 
are dug, rather than by any .salivary' secretion such as von Ihering supposes 



B’lgr. 9. One of tin* cratt'is of the Alta texana nest represente«l in the preceding figure, about 
i natural size (Photogiaph by Mi. C. G. Hartmunii.) 

the Brazilian A. scxdcns to employ for this puipo.se. The pellets disinte¬ 
grate in the first rain, so that the walls of the craters become low^er and more 
rounded and fuse with one another to fonn the low' mound of older nests. 
The ants usually work at only a few' of the craters at a time, and as only one 
or tw'o of the oj)cnings arc used when the ants arc busily engagetl carrying 
in leaves, it seems probable that the gn'ater numl>er of craters is con¬ 
structed for the aeration of the invst and not for entrance or exit. 

The depth anil extent of the excavations vaiy, of course, with the size 
of the colony, its age, and the character of the soil. This is evident from the 
following notes on three nests examined at different sea.sons of the year. 
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April 10, 1900, Messrs. A. L. Melander and C. T. Brues assisted me in 
excavating a moderately large nest situated at the base of a juniper on the 
banks of Waller Creek, at Austin. There were at least twenty craters on 
the summit of the flat mound, which was about 5 m. across. These entrances 
measuring 2.5-4 cm. in diameter, were found to lead downward as tubular 
galleries converging towards and uniting with one another more and more, 
till a depth of about a meter was reached. Here each of the galleries, now 
greatly reduced in number, entered the top of a large chamber with vaulted 
roof and level floor. Some of these chambers were fully 30 cm. in diameter 
and 25 cm. high and as broad as long, others were much elongated. They 
were sometimes connected with one another by means of broad galleries, 
espt'cially wIk'ii lying at different levels. The rootlets of the juniper ran 
through some of the chambers or hung down freely into their cavities. Each 
chamber had a large placenta-like gray or white fungus garden covering 
the greater portion of its floor. Small gardens of a more nodular form also 
hung suspended, enveloping the juniper roots, which seemed to have been 
left untouched l>y the ants, during their excavations, for this very purpose. 
Each garden was a comb-like or sponge-like mass of triturated leaves and 
juniper l)crrics, [wrineated and covered with a mould-like mycelium. This 
mass exhaled a rather j)lcasant odor not unlike that of stale honey, and 
crumbled so readily under the touch tluit it was impossible to remove it 
entire. It swarmed with workers, the .soldiers being least, the mimims most 
numerous, whereas the media* were intermediate in numbers as well as in 
size. In one of the gardens we found the aged mother queen of the colony, 
three winged males, and a number of larva*. Several of the disintegrated 
gardens together \^ith many of the ants were carried to the labonitory and 
placed ill large glass jars. By the following morning the insects had com- 
})letely rebuilt tlieir gardens. The coarser work of carr\*ing and building 
up the jiarticles of leaf-pulp fell to the lot of the media', while the minims 
went about planting and pruning the tufts of fungus hyplue. The huge* 
soldiers merely stalked about on the surface of the gardens, often brcaking 
down under their weight tlie walls of the delicate comb. The ants were 
confined in the jars for several days, and after the expiration of a week 1 
made an observation that did not impress me as important at the time: 
the gardens, which were in a much less flourishing condition than when first 
installed in the jars, were seen to be covenni with droplets of a brown liquid. 
As these droplets closely resembled those since described by J. Hulipr 
{vide ante, p. 698) as the excrement of the female Atta sexdens, it is probable 
that the soldiers and mediie, unable to add fresh leaves to their rapidly 
deteriorating gardens, resorted to the vexy^ same method of manuring the 
mycelium as that employed by the queen Atta while she is founding her 
colony. 
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November 3» 1900, I excavated a large nest of Atfa te.rana situated,bn 
the left bank of the Colorado River about a mile west of Austin. This 
nest was in pure sand at the edge of a sorghum field about 15 m. above the 
river bottom whore it was overgrown with low willow, pecan and Texas 
persimmon trees. The ants were busy defoliating the willows and carrying 
their leafy burdens up the bank and into the nest along a path about 80 m. 
long. At intervals along this path piles of leaf-clippings, dropped by the 
ants, lay drying in the sun. The leaves were cut by the medite in the manner 
described by Mcelhu’ for th(‘ South American Acromyrme.v dlscigrra. The 



Fig. 10. Uarton Springs, near Austin, Tfxas, the classic locality for the study of Atta 
texana, (Photograpli by Messrs. Ilnn-s and Melandcr > 

nest was in a promontory accessible from three sides, one of which fonned 
the wall of a small ravine. The craters were very numerous and nearly 
all on the summit of the bank. The arrangement of the galleries and 
chambers was very similar to that described for the nest on Waller Creek, 
except that the chambers w^ere at a lower level (1.5 to 2.3 m.) below^ the sur¬ 
face and much larger. One of them, of a crescentic form, measured nearly 
1 m. in length and 30 cm. broad and high. All of the chambers, of which 
I examined fully a dozen, wvre situated in a damper layer of sand than 
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that overlying them and contained huge fungus-gardens on their flattened 
floors. These gardens were 10-15 cm. high, of a yellowish color below 
and made up very largely of triturated sorghum leaves. Above they were 
bluish or greenish gray and this was the only portion that was permeated 
and covered with the living mycelium, the lower portions having lost their 
fungus-nourishing substance^, The large amount of this exhausted leaf- 
pulp still retained in the chambers, showed that Atfa iexana must differ 
from some of the tro])ic‘al s|)ecies of this genus, which carry it to the surface 







FIk. 11. I-arte AUu Uxana oit the nifht bank of Barton Creek near Austin, Texa-. 
(Photouruph by SleKs^rs. Brnes and Melaiuler.) 

and eject it from the craters. The Texan species simply keeps on building 
up its gardens till they reach a considerable thickness while the mycelium 
retreats to the more nutritive su}w*rficial layer. INIany of the gardens in 
the nest under discussion contained worker larvte and pupte in abundance, 
but no se.xual forms, either mature or immature. Both in this and in the 
previously described nest I found many sj>ecimens of a little inyrrnecophilous 
cockroach, of which I shall have more to say in the sequel. Although the 
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nest was easily excavated, owing to its location in an exposed bank of pure 
sand, nevertheless I was made very uncomfortable by the attacks of the 
soldiers, w’ho actually drew blood with their sharj) mandibles. 

An interesting nest was excavated and measured by MesSrs, Brues and 
Melander during the spring of 1903. This was situated on the right bank 
of Barton Creek (Fig. 10) near Austin, about 15 m. above the bed of the 
stream. In surface view (Fig. 11) it presented a low, irregular mound, con- 



Fi^. 12. Diagidiu of the Attti fexana nest repre-sented in tlie precedinir figure. (From a 
sketch by Messrs. Brues and Alt laiider.) i » r x 

sisting of fused or contiguous cratei’s of pure sand resting on a layer of blue 
clay. As shown in the diagram. Fig. 12, galleries descended vertically from 
these craters through the blue clay layer, which was nearly 2 m. thick, and 
continued down through an equally thick layer of red clay, where they 
entered a layer of pure sand about a meter in thickness. At the top of this 
last layer they opened into a number of large chambers communicating with 
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one another by means of short galleries. The chambers occupied the entire 
layer, so that the total depth of the nest was very nearly 5 m. Some of the 
chambers broken o|)en by the pick, are represented in Fig. 13. In the 
lowermost of thhse one of the large fungus gardens is seen in situ resting 
on the floor. From the lower series of chambers a number of galleries 
continued down through another layer of clay, and finally united to form a 
single long galleiy, which ran at first horizontally and parallel with the 
stream, but finally rose oblic|uely and opened on the surface of the bank 



Fig. 13. Exposed chambers of ne&i rei>re.sented in the two preceding figures A large 
fungus garden is snown in mtu in the lowermost chamber. (Pltotograph by Messrs. Bruesaiid 
Mclatider.) 


a few meters above the water level and at a distance of fully 65 m. from 
the nest! This remarkable tunnel was the entrance through w^hich the 
long file of workers brought the leaf-clippings to the chambers. The crater 
openings on the top of the bank seemed to be used only for excavating and 
ventilating purposes. That some of these, however, were the original 
entrances of the nest w^as proved by the presence of small dilatations or 
chambers only a few cm. in diameter in the course of the vertical galleries. 

[Sept,, 1907,] 47 
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These dilatations, two of which are indicated in the diagram, must have 
represented the chambers of the incipient nest and one of them was undoubt¬ 
edly the original cell excavated by the mother queen of the colony. 

In collecting the vegetable substances to serve as a substratum on which 
to grow their fungus, the workers of Atfa texana seem to show no evidences 
of discrimination, further than that a colony usually concentrates its atten¬ 
tion on one kind of material on each of its forays. I have seen workers of 
the same colony at different times cutting and carrying home the leaves 
of plants belonging to the most diverse natural orders. They seem indeed 
to prefer plants with small or rather narrow leaves, but the texture of the 
leaves is apparently a matter of little importance, for the ants may be seen 
defoliating soft herbs like the sheep sorrel (Rumex acetosella) or the clover, 
and anon attacking the tough leather}^ foliage of the live oak (Quercus 
virgvniana). But even hard berries like those of the juniper are collected 
and embedded entire in the gardens. Once I saw a colony carrying away 
the cracked grains of maize from a hominy mill, and on another occasion 
the same colony was assiduously gathering large cateipillar droppings that 
had rained down from a plane tree near the nest. These ants occasion¬ 
ally enter gardens and defoliate rose-bushes or other ornamental shrubs 
or de.stroy tender vegetables, but their inability to concentrate their attacks 
for several consecutive days on particular species of plants, and the some¬ 
what smaller size of tlieir colonies than those of the tropical Att<£^ make 
them much less dangerous economically than might be supj)osed. 

Like many other Texan ants, Aita texana is more sensitive to the heat 
than to the sunlight. I infer this from the fact that during the winter and 
cool autumn and sj)ring months it forages at all times of the day but during 
the hot summer months carries on its ex<‘avations and goes abroad only 
during the cool night hours. The sensitiveness of these ants to heat and to 
the humidity of the air is also shown by the fact that they carefully close 
their nest craters with earth, leaves, or sticks during hot, dry sjxdls. This 
seems to be an adaptation for preventing the esca|>e of the moisture from the 
nest through the large ventilating galleries and the consequent injury to the 
proliferating mycelia in the gardens. While oiKming the nest chambers 
of this and other species of Attii I have often seen the delicate fungi wither 
up within a few moments after exposure to the dry air. 

I have not observed in Aita texana the method of comminuting the leaf- 
clippings but there can be little doubt that it is very much like that em¬ 
ployed by A, cephalotes and Acromyrviex discigera as described by Tanner 
and Moeller. The macroscopic .structure of the gardens (Figs. 14 and 15) has- 
been correctly de.scribed by McCook {ante, p. 679). Their microscopic 
structure resembles very clo.sely that of the xicromgrmex stwlied by Moeller. 
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There is the same beautiful, white mycelium with hyphae .G~.8 fi in diameter 
everywhere threading and covering the comb-like leaf-pulp and densely 
dotted with clusters .2“.3 mm. in diameter of the small spherical or pear- 
shaped food-bodies (Kohlrabikopfchen) 3-*5.5 /£ in diameter. As Moeller’s 
terms for these structures are rather far-fetched, since to English-speaking 
peoples at least the kohlrabi is by no means a familiar vegetable, and as the 
stnictures really deserve somewdiat more dignified or at any rate more tech- 



FIr. 14. Kntire fuiiiriis garden ol AiUi texnna, about J natural size, (Photograph by 
Messrs. Brues and MelaiuJer.) 

nical appellations, I would suggest tluit the globular swellings of the hvpha? 
be called gongylidia and the grape-like clusters which they form, bronwfia. 
The arrangement of the leaf-pulp at the surface of the gardens in the form 
of thin walls or plates greatly extends the exposed surface of the substratum, 
favors the growth of the plant, ami thus increases the amount of it that can 
be raised in a circumscribed cavity. This arrangement also facilitates the 
control of the fungus and its cultivation and makes it more acees.sible as 
food. 
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Some well-developed means of intercommunication would seem to be 
necessary for ants like Aiia fcxana which live in great colonies and cooperate 
so intimately both on their foraging expeditions and in the cultivation of 
their delicate food plant. I am convinced tliat this means is supplied by the 
stridulatory organs which are highly developed in all the castes of the si>ecies. 
As I have shown in a former paper,^ the stridulation of the huge females of 
Atta texanu is audible when the insect is held a foot or more from the ear. 
The male and soldier to be audible must be held somewhat closer, the largest 
workers still closer, whereas the smaller workers and mimins, though striclu- 
lating, as may be seen by the rapid movements of the gaster on the post¬ 
petiole, arc quite inaudible to the human ear. It is probable that all these 



Fig. 15. Portion of fungus garden of Atta tcxana built up by ants in confinement. (Photo¬ 
graph by Me.ssrs. Brues and Melander.'i 

differences in the rate of vibrations, or humanly speaking, of pitch, corre¬ 
lated as it is with a differentiation in the size and functions of the various 
castes, is a xt'ry inqxirtant factor in the cooperation of these insects, espe¬ 
cially in the often widely separated subterranean cavities in which they 
spend so much of their lives. Miss Fielde and Prof. Parker ^ have recently 
given good reasons for concluding that these vibrations are transmitted 
through the soil or other solids and not through the air, and that they are 
therefore perceived by the ants through their legs as tactile rather than as 


1 Ethological Observations on an American Ant (Leptothorax Emersonl Wheeler). Arch, 
f. Psychol, u. Neurol., II, 1903, p. 19, foot-note. 

3 The Reactions of Ants to Material Vibrations. Proc. Acad. Nat. Sci. Phila., Sept, 1004, 
pp. 642-650, 
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auditory sensations. This result agrees also with the accounts of others 
who have investigated the perception of vibrations in insects. 

Of all ants the Attii Avould seem, at first thought, to offer in the great 
sponge-like masses of decomposing vegetable matter of their fungus gardens 
the most favorable of resorts for all kinds of mymiecophiles and synoeketes. 
But the number of such animals hitherto observed in the nests of these 
ants is very small. This is probably due to the exquisite care and diligence 
with which the ants patrol and cultivate all parts of their gardens to 
prevent the growth of the aerial hypha?, alien fungi and bacteria, for under 
such einuinstaiK'cs any intruder might be easily detected and ruthlessly 
destroyed. Xeverthcless a few animals have managed to secure a foothold 
in the nests, Init so far as known, only in those belonging to species of Atfa 
s. str. and Aernmyrmrx, I have never seen any traces of myrraecophiles 
in the* many nests of Trnehijmyrmejc, Mycetosoriies and Cyphomyrmex which 
I have examined. Bates (1892) and Brent (1886) state that certain Amphis- 
Imuiian lizards manage to live in the Atfa nests of Brazil and Trinidad. It 
is probabh' that these reptiles fet'd on the ants. Belt (1874) mentions a 
large Sfaphylitu'd beetle as o(‘curring on the Atfa nests of Nicaragua, and 
Wasmunn (1900) concludes that this beetle, wdiicli he identifies as Smilax 
piJosa Fabr., is ])iT)bably a true inyrinecophile, because it so clovSely resembles 
th(' larg<' Atfa workers in its dark brown color and abundant pile. The 
same author (1894, 1895) mentions several Histerid beetles (PhiliMer 
rufulus Lewis, Ilister (?) cosfnfus Mars, Reninn^ salvini Lewis and Car- 
rinops (?) mnltisfriafa T^ewis) as having been taken from the nests of Atfa 
mrxirana, and three Staphylinida* bt'longing to the genera Aleochara and 
Afltcia from the lu'sts of J. sexdcns. These are probably all not true 
guests but syiKcketes. To the same group l)elong also a number of speci- 
iiH'iis of the inyriopod Smtlgrra which I found running about in the galleries 
of an .1. trxana nest. 

Tlu* only myrnie(*ophiles known to live in intimate relations with Attiine 
ants are the small and aberrant cockroaches of the genus Aftaphila of which 
I described the first species (.1. fungicola, PI. LIII, Figs. 47-49) from Texas 
(19(K)). This insect, w4iieh is very common in the fungus gardens of A. 
frxana, measure's only 3"3.5 mm. in length. It is yellowdsh brown and has 
very small eyes, one-jointed cen*i, and }x*culiar antennae, consisting of a few’ 
cylindrical joints. The females are wingless, the males have vestigial teg- 
mina and hind wings. The antennie are always imj^rfect, their terminal 
joints having been bitten off, in all probability, while the ants are clipping 
the fungus mycelium. The structure of the remaining antennal joints is so 
• unlike that of all other Blattidie that Aftaphila must be regarded as the type 
of a distinct subfamily, the Attaphilince. Since publishing my description of 
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this singular insect, I Iiave had an opportunity of observing it in artificial 
nests. It does not feed on the fungus hyi)hfe as I at first supposed, but 
mounts the backs of the large soldiers while they are stalking about the 
garden and licks their surfaces after the manner of some of the inyrme- 
cophiles of other ants, notably the little cricket Mymieeophila nchrascenais, 
the Staphylinid beetle Oxysoma oherfhueri, and the guest ant Leptofhorax 
emersoni. 

In 1901 Bolivar described a second species of Aitaphila (A, beryi), which 



Fig 16. Nest craters of Atta (MfelUrius) vcrsicoU/r Pergande in a sandy "draw'* at Vucca, 
Arizona. (Photograph t)y the author.) 


was discovered many yeai*s ago by Berg in the nests of Aenmiyrmex luncii 
in Argentina and Uruguay. This s|X'cies (P). LIII, Figs. 50-54) is very sim¬ 
ilar to the Texan lorrn and it too, seems always to have multilated antenna*. 
According to Berg “it is found in the nest of the ants, sitting on the back, 
neck or even on the head ot the sexual individuals (never on the neuters), and 
when these swarm forth during the sjiring or summer, it is also carried out 
of the nests, still attached to its ho.st.** 


1907.] 


Wheeler^ Fungus-Bowing Ants of North America, 


743 


2. Atta (McBllaritis) versicolor Pergande. 

This ant is unquestionably a Mexican species which enters the United 
States only along its southwestern frontier ivhere it inhabits the arroyo 
bottoms in the most arid regions. I have obser\'ed the typical form of the 
species only in two localities, at Tucson, Arizona, and at Yucca in the same 
state, a few miles east of the Californian boundary. At Tucson several 
colonies were found in an arroyo near the Carnegie Desert Botanical Labora- 



Fic. 17. One of the craters of thc» group represented In the preceding figure, about i 
natural size. slio\ving tlu‘ difference l)et\Neen the pellets brought up by the ants and the surround¬ 
ing soil. (Photograph by the authoi.) 


tory where the soil was pnibably somewhat moist at a depth of several feet, 
but whert' the surface was very hard and dry and covered with typical desert 
plants such as the rctama (Parkimonia), the small acacia known as “cat- 
claw’’ or **ufia de gato” (.4ran’a greggi), the Mexican grease-wood {Covilhu 
fridentafa), the ocotillo (Fouquiera splendem) and several cacti {Opuniia), 
At Yucca the ants occur in similar arroyos bordered with the beautiful pod- 
willows {Vhilopsis saligtia) in the midst of a very hot, dry desert, studded 
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with clumps of cahatilla (Ephedra), huge tree-like yuccas, and ‘‘allthom^* 
bushes (Kwherlinia). In both localities the nests were surmounted by from 
one to a dozen craters, varying from 1()~30 cm. in diameter, and of very 
elegant and regular structure (Figs. 16 and 17). This was noticeably the case 
at Yucca, where the craters were built of the coarse, unifonn sand of the 
arroyo bed. The earth or sand of the crater walls was often of a different 
color from the surrounding surface, showing that it had been brought up 



Fig IS. Small CTat»^r of Attn (Mailfrius) vtrstrolnr covered with Ipuaps of greasf wood 
iCnviU^a) colloctea hy the ants at Tucson, Ari/otia. These leaves are also scattered along 
the patn leading to the crater (upper right hand I'orner of figure). (Photograph liy the author.) 


from a considerable depth. The opening at the bottom of the crater was 
2-3 cm. in diameter and was often clo.sed with earth. Even about the open 
craters no ants were to be seen during the intense heat of the day. Between 
four and five o’clock in the afternoon, however, they were; seen leaving the 
nests in files, and slowly moving towards some desert shrub in the neighbor¬ 
hood for the purpose of cutting and carrying home its leaves. At Tucson 
some of the colonies were cT>llecting the entire young and tender leaves of the 
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‘‘cat-claw/^ and had completely defoliated some of the bushes (Figs. 18 and 
19). Other colonies were carrying in the small leatheiy leaves and yellow 
flow’ers of the grease-wood. Considerable quantities of these leaves had often 
been gathered and dropped along the path or on the craters, as shown in Fig. 
18, and left to wither in the sun when the ants withdrew into their nests dur¬ 
ing the night or early morning hours. 

The colonies were much smaller than those of Atia texana, although they 



19. Aoacia buftli dofoliuttMl by AUa t Mdllertus) vcmcolor at Tucson, Arizona. (Photo¬ 
graph by the authoj.) 


comprised several hundred workers. These varied considerably in size, 
especially at Yucca. Dr. William Cannon, direc'tor of the Desert Labora¬ 
tory, kindly assisted me in excavating one of the nests which had only a single 
^^crat<‘r. The entrance gallery, about 2 cm. in diameter broke up into a 
number of small anastomosing galleries just beneath the surface ami these 
reunited to form a single gallery extending down into coarse, friable sand to 
a depth of about a meter and terminating in a single small chamber which 
contained a fungus garden about the size of a walnut. This garden was 
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lying on the floor of the chamber and consisted of fine leaf-pulp covered with 
a brilliant white mycelium dotted with bromatia. No other chambers or 
galleries could be found, and as the nest contained only about one hundred 
workers, the colony must have been incipient or enfeebled by age or adverse 
conditions. As we had sjxmt a great deal of time excavating this nest, and 
as the heat w^as intense, so intense, in fact, that it caused the gutta-percha 
plate-holders of my photographing outfit to soften and crumple, w’e could 
not command sufficient energy to excavate a larger and more typical nest. 
Unfortunately my stay of only a few hours at Yucca did not suffice for the 
exploration of one of the much finer nests of that locality. Judging from 
the single nest examined at Tucson, MfEllerius versicolor resembles most 
of the species of Avroviyrmex described by Moeller, Tanner, von Ihering 
and Forel in having only a single chamber and garden. 

My notes on the subsp. chisosensis arc even more fragmentary. At 
Terlingua, Texas, in the Great Bend of the Hio Grande, I found a few' dead 
workers of this form in a spider’s web under a stone, but w'as quite unable 
to locate the nest from w'liich they came. Judge O. W. Williams, however, 
brought me a number of fresh specimens from a nest in a drj' arroyo at the 
foot of the Chisos Mountains some miles southeast of Terlingua. Both 
localities are in veiy' arid deserts, riven w'ith canons, though the vegetation 
is of a different type from that of southern Arizona. The red quicksilver- 
bearing soil supports a sparse growth of the sotol {Dasylirion texamm), 
desert spurges (Euphorbia aufisyphiliHra and latropha spathulata) and 
lechugilla (Agave lechugilla), and the steep canon w'alls ai’e spangled with 
star-like resurrection plants (Selnginella lepidophylla) an<l xeroj>h\1ic ferns. 
Such a region, w ith an annual rainfall of barely 25 cm., is certainly a remark¬ 
able environment for an ant <’<»mpelled to subsist on fungi that can grow^ 
only in a humid atmosphere, an ant, moreover, belonging to a group w hich 
W'as probably first developed in the rain-forests of the tropics. 

3. Atta (Trachymyrmex) septentrionalis McCook. 

The species of Trarhywyrrnex form small colonies of at most two or 
three hundred, and often of only a few' dozen individuals, and are so timid 
and retiring in their habits that they arc readily overlooked unless their 
nests happen to be numerous and close together. And even when numen)us 
the nests are not often seen as their earth-w^orks disintegrate and their en¬ 
trances are kept closed during considerable periods of the year. 

Our best known s|x»cics, T. septentrionalis, is widely distributed over the 
Gulf and South Atlantic States, the var. obscurior ranging from c*entral 
Texas to Florida and the typical form from Maryland to New' Jersey. There 
are no observations to show that either of these forms extends equally far 
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north in the Mississippi Valley. Mr. Wm. T. Davis has found the typical 
form as far north as the Raritan River in New Jersey and although he has 
hitherto failed to take it on Staten Island, it may yet be found in certain parts 
of Long Island. Both forms of the species have the same habits^ although 
the southern variety often makes larger and more complicated nests and 
lives in larger colonies than the t\’j)ical northern form, which is always more 
•or less depauperate, like all ants at the limit of their geographical range. The 
following description, except in so far as it relates to the size and complexity 
of the nest, will apply to both forms of the species. 

According to my olxservations, T. septentrionalis, even in widely separated 
localities, always occupies a ver>' precise cthological station. I have never 
found it except in pure sand and in open woods. It is abundant in the post¬ 
oak wf)ods of Texas, especially in the neighborhood of Milano and ^lonto- 
polis, wherever the red clay is replaced by sand, in the hummocks of Florida 
(Miami, Jacksonville) and the pine barrens of New Jersey (Lakehurst, 
Toms River, etc.). The plant assoc iations in all of these localities have a 
common facies in that they always comprise several species of oaks and 
many other plants and animals peculiar to the Louisianian portion of tlic 
Austroriparian .subprovince. 

Extemally the nest of T. septenirionalis is very unlike that of any other 
North American ant known to me. It consists of a little mound of sand 
vaiy’ing from 10 to 20 cm. in diameter, and a few cm. in height, of an ellip¬ 
tical, round, or cre.scentic form and placed at a distance of 5 to 10 cm. from 
the entrance. The latter is circular and varies from 4 mm. to 1 cm. in 
diameter, and the gallery into which it leads invariably sloj>es so as to form 
an angle with the sui'face. The saiidpile lies in front of the entrance. The 
extenial appearance of one of these nests is shown in Fig. 20, from a photo¬ 
graph taken at I.*iikehurst, where the sand is often covered with the needles, 
twigs and cones of Pinus ritjida and inops. The subterranean portion of 
the nest consists of fixmi one to thit'e series of straight galleries alternating 
with more or less sj>herical chamlx'rs, so that it is possible to distinguish a 
simple and a racemose ty|H\ To the fonner Ix^long the young ne.sts of the 
var. obscurior and all the nests of the typical septenirionalis, whereas the 
ramnose tyi)e seems to cK*cur only in old and flourishing colonies of the south- 
<‘rn variety. 

In the table on page 749 are given the dimensions in cm. of the galler¬ 
ies and chambers of ten nests of T. septentrional is var. obscurior examined 
in thiXH' localities about Austin, Texas, nests A to F Ixdng of the simple, 
4ind G to J of the racemo.se ty|R‘. Diagrammatic sections of nests (\ 1), F, 
and G-J, drawn to scale, are re{>resentod in Pis. LI to LIII, Figs. 37-42, 45. 
The entrance gallery is called gallery* I, that between chambers I and II, 
gallery II and so on. Of the two measurements recorded for each chamber, 
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the first is the depth or vertical, the second the breadth or transverse diameter. 
The chambers are either spherical, or if one diameter exceeds the other, it 
is most frequently the transverse, so that the chambers are often oblately 
spheroidal. As the galleries enter and leave the chambers at opposite 
points on their roofs and floors, the globular cavities have the appearance 
of being strung on the galleries like beads on a string. The most frequent 
nests are those of the form A-C, comprising only two galleries and two 
chambers, and thv\se are the only ones descTil)ed by previous observers 
(Morris, McCook, Swingle, Forel). The entrance gallery is commonly a 



Fig. 20. of Atia {7'r<ichi/fni/rmex) srptentrinnalia in pim* barren near Lakehurst, Neu 

Jersey, about ^ natural size The eireular entrance it, in the middle of the hgure; the excavated 
sand is dumped out in a heap in front of it (below). (Photograph by the author.) 


few cm. in length and the first chamber is very small (2.8 X 3.2 cm. on an 
average). These represent the whole of the nest dug by the mother queen 
while establishing her colony, the other chambers and galleries being added 
sub-sequently by the workers. The table and the figures show very clearly 
that the length of Gal. 11 and the size of Ch. II, greatly exceed the queen’s 
excavations and arc in turn surjiassed by subsequent excavations (Gals. 
III-IV and Chs. III~V). Nests with three, four and five chambers, like 
D, E, and F, are rarely encountered. Of the last I have seen only a single 
example and this was peculiar in having Chs. Ill and IV deeper than broad. 
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Nest D was unique in having Chs. II and III o|Kuiing directly into each 
other. Nests of the simpler racemose tjqje, like G, arc more frequent than 
simple nests with as many as four and five chambers, like I) and E. In 
nests G~I the second gallery sent off a branch terminating in a cliamlx'r of 
its own (Ch. II«). The terminal chamber of nest H (Ch. Ill), like that of 
nest E (Ch. IV), was veiT small and obviously in process of f)cing excavated 
by the ants. In nest I the insects had completed at least a portion of th(^ 
gallery (Gal. Ilia) leading from Ch. II and the ants, had they been left 
undisturbed, would probably have widened its end into another chamber 
(Ch. Ilia). In nest J, the largest and most complicated of the series, not 
only did (jal. II form two branches, but one of these divided in turn, so 
that there were three galleries, each terminating in two chambers (Chs. II a, 
b, c, and Ch. Ill a, b, c) separated by a gallery (Gals. Ill a, b, c). Since 
in all of the nests the galleries formed an angle with the surface of the sand, 
their total depth, as given in the last column of the table, does not represent 
the vertical distance of the floor of the terminal chamber from the surfac<‘, 
but the oblique distance from the entrance. Both simple and racemose 
nests, moreover, though represented in the figun»s as lying in a single plane, 
arc often bent, or, like nest I, of the latter type, radiate out fn)ni the entrance 
in three different intersecting {)lanes. 

When establishing their fonnicaries the ants select only those spots in 
the woods where the sand is permeated with fine motlets. I'hey are careful 
to leave these untouched, while hollowing out their chambers, as sup])oi1s 
for their gardens, which in this, as in other sj)ecies of Trachymynnex, an^ 
always pendent and do not rest on the floor of the (’hainber like the gardens 
of Aita s. str., Acromynitcx and Mcdlerius. The substratum on which the 
fungus is grown consists very largely of caterf)illar exertnnent and withered 
oak-catkins, both picked up under the trees, but often small dead leaves or 
berries are used, and occasionally as ]\Iorris and ^NlcCiw^k observed, flowers 
or green leaves are cut from the small herbaceous plants in the neighborhood. 
These substances are comminuted and placed on the pendent rootlets where 
they become knitted together by the rapidly proliferating fungus mycelium. 
The whole garden then hangs from the roof of the chamber as a cluster of 
nodular strands or plates separated from the walls and from one another by 
spaces sufficiently large to admit the ants to all parts of the structure. The 
first chamber, in which the original worker brood was reared by the queen, 
is often empty or has lying on its floor particles of exhausted vegetable sub¬ 
stances ready to be carried out of the nest, or materials that have just been 
brought in. This chamber seems to be the work-shop in which the materials 
are prepared for insertion into the hanging gardens of the lower chambers. 
The appearance and arrangement of several of these gardens are shown in 
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Pis. LI~LIII, Figs. 30-40. The mycelium in flourishing colonies has a 
bluish tint, somewhat like that of Penicillium glaucim. The hyphse measure 
.78 fx in diameter. The gongylidia are subspherical or pear-shaped, and 
average 4.5 pi in length and 3.6 p in breadth, and are grouped in compact 
clusters or bromatia averaging .4~.5 mm. in diameter. 

In Texas the most favorable time to study the nests of T, ohscurior is 
during the month of April. Then the ants are actively enlarging and deepen¬ 
ing their nests and bringing in supplies for their gardens. While excavating 
they advance in a small phalanx up the inclined entrance gallery, each laden 
with a eul)oidal sand pellet about 2 mm. in diameter, walk slowly to the 
sand pile, deposit their burdens and then return for others. The dealated 
females, of w’hieh there may be as many as four or five in a nest, toil in the 



Fitf. 21. Brood of Attn i Tracki/mi/rmcjr) ohxcurior. About twice natural size. Three 
packeth of eggs are showjt tMiveloped in fungus mycelium. (Photograph by Mr. A. BeutenmOller.) 

phalanx like the workers. At the slightest alann the ants iinim'diately 
retreat into the nest and usually a single worker takes up her position in the 
entrance and holding a sand-pellet in her jaws, waits patiently till all danger 
has passed, before venturing forth and leading the troop of her sand-laden 
sisters. When foraging the ants go out singly and in various directions, 
pick up w’hat they can find and return with it to the nest, moving slowly 
and sedately over the sand. The dealated females may also be seen in the 
act of carrying caterj^illar droppings and loaves to the nest. If rudely 
touched with the finger or a stick, the insect drops her burden, curls herself 
up, folds her legs and antenna? and “feigns death.” At such times her 
rough yellowish brown body is almost indistinguishable from the sand on 
W’hich she lies. When the nest is ruthlessly tom open, the ants, especially 
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if they are numerous and have a large brood, do not feign death but boldly 
assail the intruder with their mandibles. 

The nests remain in fine condition throughout May and the early part 
of June, while the young arc being reared. The eggs are broadly elliptical 
and embedded in masses in pure white hyphae. (Fig. 21.) These delicate 
vegetable strands serve to keep the eggs together, thus enabling the ants to 
carry them about in packets, afford an admirable protection and, as soon 
as the lan*8e hatch, represent a supply of veiy accessible food. The older 
larvae and young pupa', however, are always free from adhering hypha', so 
that their surfaces are smooth and glistening, till they develop the rough, 
tubereulate integument of the adult stage. The brood is undoubtedly 



Fig. 22. Nest of Atta {Trachymyrmej) sepUmtrwnahs var. obscurior in sandy post-oak 
wood near Delvalle, Texas. About \ natural size. This represents the condition of the nest 
during the dry summer. A few slicks and dead leaves cover the entrance just below^ the middle 
of the figure, (Photograph by Mr. C. G. Hartmann.) 


moved from chamber to chamljcr to suit the vamng conditions of heat and 
moisture. Throughout the wann days of May and June it is kept in the 
superficial apartments. On the morning of June 11,1903, after an unusually 
cool night, I found the ants and entire brood of several nests huddled together 
in the lowermost chambers, but during the wann afternoon of the same day 
the young had been brought very near the surfac*e. At Miami, Florida, 
the males and females were mature and ready for the nuptial flight as early 
as May 9; in Texas I have not seen them in this condition till the second 
week in June, and to judge from the date on the label of a winged female 
in my collection the sexual phases of the typical form do not mature in New 
Jersey till some time in August. 
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When its nest is disturbed, T, septentrionxilia^*\ik!c other Attii is very 
careful to rescue portions of its fungus gardens as well as its brood. A 
number of colonies, whose nests I had excavated in the post-oak woods at 
Montopolis, were found a few days later to have made new nests a few feet 
from the old sites and to have carried with them such fragments of their 
gardens as they could rescue. They had suspended these to the rootlets in 
one or two chambers which they had succeeded in excavating in the mean¬ 
time, and were busy carrying in caterpillar excrement and withered oak 
catkins. 

During the spring and autumn T. septentrional is may be found abroad 
at all hours of the day, but with the growing heat of the summer it becomes 
increasingly crepuscular and nocturnal. And as soon as the diy weather 
sets in, it greatly contmets or completely closes with dead leaves and twigs 
the orifice of its nest to reduce or prevent the evaporation of the moisture 
from the chambers. The sandpilc subsides under the influence of the ele¬ 
ments till the nest becomes barely distinguishable from the surrounding 
leaf-strewn surfaet? (Fig. 22). It is then almost impossible to find the 
nests even in localities wiiere previous exploration has showm them to be 
very numerous. The ants no longer venture forth but spend all their time 
weeding and rearranging their gardens in the moist subterranean chambers. 
Immediately after the first warm rain, how’ever, the nests are reopened, ex¬ 
cavations and repairs to the chambers are renew’ed, the exhausted portions 
of the gardens are ejected and the ants sally forth in quest of fresh supplies. 

4. Atta (Trachymyrmex) turrifex Wheeler, 

As this spec’ies is even more timid and retiring than T, septentrionalis, 
it w’as some time In^fore I learned to find its colonies and gained an acquaint¬ 
ance w'ith its habits. Its geographical range covers the dr^^ deserts of Trans 
Pecos Texas, and slightly overlaps the range of septentrionalis along the 
escar|)ment of the fMw'ards Plateau in the central portion of the state. 
That it is a more adaptable ant than its eastern and northern congener, is 
shown by its otTurrence in the following diverse stations: 

1. In the treeless deserts at Del Rio, Langtr}% Marfa, Alpine and Ft. 
StcK'kton, in dry stony soil fully exposed to the glare of the sun. In these 
localities the colonies arc widely scattered. 

2. In the clayey soil of the fwst-oak w^oods and '‘cedar-brakes'’ {Juni- 
perus sabinoides) near Austin (Fig. 23), along the Perdenales River, and at 
Marble Falls. Here the colonies are often numerous and close together. 

3. In the pure sand of o|)en fields at Montopolis on the Colorado River. 
In this locality the colonies are infrequent and mingled with those of sep- 


Sept., i907.] 




Fig. 23. “Cedar Brake “ Uuniperm sahxnoidea) near Austin, Texojs. Home of AUa {^TrAchy-^ 
myrmex) turnfex. (Photograph by Prof. W. L. Bray.) 
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tentrumalis, a condition which also obtains in sandy portions of the post-oak 
woods. 

Though structurally closely resembling the eastern species, T. turrifex 
may be readily distinguished by a number of ethological characters. Its 
colonies art* much smaller, often consisting of only two or three dozen individ¬ 
uals. Nevertheless a single nest may contain as many as four or five deiilated 
females. The nesting habits arc most conveniently studied in the post-oak 
woods, where the fints preftT to live in the shade of the trees. Here the 
red clay is overlaid with a stratum of less compact black soil two or three 
decini<*tcrs deep. The external structure of the nest is very different from 



Fig. 24. Tvim*t-shupe«l eiitrunre to nest uf Atta {Trachymyrmex) turnjcx in a cedar brake 
near Austin, Texas. (.Photograph by Mr. A. L. Melander.) 


that of aepfentrioualis. The orifice is only 3-4 mm. in diameter and in 
typical nests, does not oj)en on the surface of the soil but at the top of a 
cylindrical turret or chimney about 10 mm. in diameter and from 10-40 mm, 
high. The walls of this turret, Avhich are made of earth particles, small 
juniper twigs and other vegetable debris (Fig. 24) are sufficiently resistattt 
to withstand heavy showers. A.s the nests are often located on sloping 
ground the turret would seem to be an ingenious adaptation for keeping 
the water from entering the subterranean galleries and chambers. Occa- 
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sionally I have found nests with abnormal turrets, like the one represented 
in PL L, Fig. 27, which has the summit enlarged and spreading and pro¬ 
vided with three distinct orifices. The pellets of earth brought up by the 
ants are cuboidal or polyhedral, of uniform size and measure about 2 mm. 
in diameter. They are not cast to one side as in septenfrionalu but in a 
closed circle at a distance of 8-12 cm. from the entrance. As this circle 
grows in height it forms a very shallow crater with the turn?t rising abruptly 
in its center. In the post-oak woods and cedar-brakes the castings are red 
or dull vermilion and contrast strongly ^nth the black soil or dead leaves 
of the surface. 

The galleries and chambers alternate with one another as in the simple 
tj 7 )e of septcnfrionaiis nests, but the chambers arc smaller and the galleries 
are much longer and usually descend vertically into the soil. These differ¬ 
ences arc distinctly shown in the figures (PI. LI» Figs. 33-36) and in the 
measurements (in cm.) of the accompanying table. 


Attn {Trachymynnex) iurrifex Wheeler. 
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All of these nests were located in the clayey soil of the jX3St-oak woods 
except the last (R; which was in pure sand. Owing to the length of its 
galleries, this is exceptional in its total depth (110.5 cm.), and therefore 
abnormally increases the average length of the galleries I to V in the table. 
The averages depth of nests K to Q is only 50.8 cm. which is less than half 
the depth of nest R. The nests usually comprise four chambers (Fig. 25), 
but five are often met with, and here, as in sepientrionalis, the galleries and 
chambers have their dimensions suddenly increased, below the first chamber, 
which is the work of the mother queen. I have seen but one tvrrifex nest 
that resembled the racemose* type of septentrional is in having two branches 
to Gal. IV, each terminating in a chamber. Comparing the nests of the two 
species we see that both start with the simple, primitive tyjx? consisting of 
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alternating galleries and chambers and that turrifex continues its excava¬ 
tions according to this pattern, whereas flourishing colonies of septentrionalis 
change to the racemose type which bears an unmistakable resemblance to 
the nests of Atta s. str. 

The greater length of the turrifex galleries in pure sand is undoubtedly 



Fig. 25. Section of nest of .4/fa (Trarhymyrmex) turrifex showing four chami)ers exposed 
(at points of paper triangles numbered 1 to 4). About i natural size. (.Photograph by Mr. 
C. G. Hartmann.) 


due to the need of reaching a stratum of greater dampness. In the dry Trans 
Pecos desei*ts the same tendency is observable. In that region I repeatedly 
endeavored to excavate nests, but wjis never able to reach the chambers on 
account of the exti'cmc hanlness of the stony soil. I am convinced, how- 
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ever, that these nests were more than a meter deep. That T, turrijex 
requires rather moist soil is also shown by a peculiarity of its nests in the 
post-oak n‘gions. Here, as 1 have said, the subsoil is red clay overlaid with 
a dryer, and more porous black eartli. The ants not only cariy' their ex¬ 
cavations down into the subsoil but carefully line the galleries and chambers 
in the black soil, to the veiy orifice of the turret, with a thin layer of clay 
brought up from below, '^llius the nest bc'comes a bottle with thin clay walls, 
alternately constricted into slender tulx\s (the galleries) and dilated into 
ampulliform enlargements (the chambers). This clay lining is probably 
a very efficient means of jireveuting laith the escape of the moisture from the 
chambers during dry spells and the entrance dunng rainy weather of too 
much moisture from the soil. Unlike the nests of septentrionalIs^ tho.s(' of 
turrijex are not closed during the dry season. Such closure is in fa(*t un¬ 
necessary because the nests are coasidembly deeper, situated in .soil which 
retains the moisture much longer, and have very small orifices. 

The first chamber, like that of the septentrional is ne.st, is used as a work¬ 
shop and temporary rcjio.sitory for fresh and discardt'd v(‘g(‘table substafues. 
The rootlets of plants are also left dangling into the remaining (‘hambers 
as a suspensorium for the fungus gardens. These R‘.semble the garden.s of 
scptentrionalis but are smaller, whiter, and of a more d(‘li<‘ate texture, as if 
the vegetable substratum on which they were grown had been rnoiv finely 
comminuted. In the confection of this substratum the same mat(‘rials are 
used, viz., the withered catkins of oaks, the scales of buds, bits of dead leaves 
and the excrement of cateqiiliars. I have never seen these ants cutting or 
bringing in green leaves of aiiy de.scription. At Marfa and Ft. Stockton 
they were collecting the withered florets of a small yellow composite {Pectis 
tenella). The nest openings were often surrounded by a circlet of the.se 
florets, .so that to one riding over the de.sert (’ach ne.st seemed to be marked 
by a small handful of saffron. All of the vegetable substances are ]>i('ked 
up by the ants from thi‘ ground ami not collected directly from the plants, 
as turrifex is even less inclined than septentrional is to climb about on the 
vegetation. The microscopK* .structure <>f the fungus gardens is very much 
like that of septentrional is. ''Fhe hyphiv measure .78 n in diamet(»r; the 
broniatia .3~.4 mm. and con.sist of beautifully developed gongylidia 3.5-4.7 p 
in length and somewhat Ic.ss in breadth. 

The deiilated females of turrijex take part in excavating and foniging, 
like the workers. On one occasion, early in the morning of June 14, in the 
midst of the desert at ]\Iarfa, I came upon a wliole colony of this ant, com¬ 
prising some thirty workers and five deiilated females, in the act of digging 
a nest in the hard adobe .soil. They ha<l evidently been compelled to for¬ 
sake their old nest during the night on account of the drought, which was 
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almost unprecedented even in that region, as it had not rained for nine 
months. As I have also found many abandoned nests of this ant in the 
cedar brakes about Austin, 1 infer that it not infrequently migrates to more 
favorable spots. It would be interesting to know whether on such occa¬ 
sions the old queens carry over to the new quarters portions of the fungus 
gardens in their hvpopharvngcal pocket, or whether the workers transfer 
the old gardens piece-meal during the cool night hours. The latter wouUl 
seem to be the more probable procedure. 

T. tvrrifcx is, if amlliing, slower and more sedate in its movements 
than septentrional is. It also ‘‘feigns death’' mon^ readily and never seems 
to resent the destnu-tion of its nest. Only a few workers are seen at any 
one time outside the nest. The slightest disturbance causes these to with¬ 
draw into the turret, and one may sit motionless near the nest for many 
minutes before they muster sufficient courage to venture forth again. When 
si'veral of these ants, together with pieces of their gardens, were placed in a 
dish with a number of septentrional is workers, a conflict ensued, in which 
the latter were the aggressors and came off victorious. They carried the 
tnrrifex garden j)iece by piece into a wide chamber they had excavated in 
some sand at the bottom of the dish, but by the following morning they had 
thrown it all out again and, although they had been without food for several 
days, they would have nothing to do with it. 

The breeding .season of tnrrifex must come later in the summer than 
that of septentrional is. During early June I found a few young larvte in 
the nest.s of the former species, but the only winged female I have seen was 
captured in flight by Mr. AV. II. Long on September 27. I have never Ix^en 
able to obtain a male of this species. 

5. Atta (Trachymsrrmex) jamaicensis Ern. Andrf. 

Like the preceding two species of Trachymynnex, T. jamaicensis, though 
confined to the West Indies, occurs only in association with a xeroplniic 
flora. It is a larger, much darker ant, with unusually long legs and antennae. 
I found it first in the Bahamas, on both Andros and Xew Providence Islands, 
(An the former it wa.s seen wherever I lamled and searched for it — at Big 
AVood Key, Mangrove Key, on .several of the uncharted keys along the 
course of the Southern Bight ami about Crawl Creek. On Xew Providence 
it was found in the neighborhood of Fort Charlotte. It prefers to nest in 
the pure white foraminiferous sand of the sea-beach, at or just above high 
water mark, along the edges of the ‘coppet.s' which consi.st very largely of 
coarse grasses, sea-graj>e, ('ocoa-plum, wild sapodilla, sea-lavender and 
palmettos. Its nest, which is most readily found by tracking foraging 
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workers, is surmounted by a very flat and obscure crater about 30 cm. in 
diameter with an oblique and somewhat eccentrie orifiee 5-10 mm. in 
diameter. The ants collect buds, small flowers, bits of dead and living 
leaves and caterpillar excrement as a substratum for their fungus gardens. 
When rudely touched the workers fall over and '‘feign death.*' At first I 
was inclined to believe that this species is restricted to the sandy seabeaches, 
but on walking inland about two miles from All Saint's Rectory at Man¬ 
grove Key, I found it nesting also in clearings among the 'coppets' wherever 
a small amount of rich black soil in the cavities of the rough ^Eolian limestone 
had induced the negn)es to plant maize and other vegetables. Here the 
ants were busily engaged in cutting and carrying into their nests bits of the 
green maize leaves after the manner of the s|m‘ies of Aiia s. str. In other 
places, like Fort Charlotte, on New Providence Island, the ants were nesting 
in the dry shady ‘co})})ets.' In all of these localities the nests extended 
down through holes or crevices in the limestone, so that I was unable to 
obtain a satisfactory conce])tion of their structure. 

On a recent trip to the Island of Culebra, a few miles east of Porto Rico, 
I again encountered this ant but under conditions more favorable for study. 
The vegetation on Culebra, which is too low to interee})t the rain-laden 
trade winds from tlie Atlantic, is decidedly xeropliytic. There is no stand¬ 
ing water on the island and the short arn)yos dry up ver>' soon after a shower. 
A numl>er of colonies of T. jawaicnisis were found in the shade of the trees 
on the banks of these arroyos. Tlie colonies, at the time of my visit (Man‘h 
2-9), were in an oj)iilent condition and each comprised nuTm*rous larva\ 
pupa* and winged males and females in addition to about a hundit»d workers. 
Externally the nests, though in black friable soil, wei*e like those on the sandy 
beaches of the Bahamas. Their subterranean striuturc closcdy resembled 
that of the simplest, two-chambered nests of septryUrionalis. The entram^e 
descended into the soil obliffuely and at a distance of 2-3 cm. l)elow the 
surface, widened into a small spherical chainb(*r 2.5 cm. in diameter. This 
chamber contained no fungus garden but only a few workers apparently 
engaged in comminuting leaf clippings and caterpillar excrement. A second 
gallery 5-10 cm. in length led off obliquely from the bottom of this chaml)er 
and terminated in a larger spheroidal cavity 0.»>“9 cm. in diameter, filled 
with a flourishing fungus garden of coarse and nodular structure and sus¬ 
pended from rootlets. The bix)od, callow and recently matured sexual 
forms were ensconced among the pendent folds and strands. The mycelium 
was of a bluish color, like that of sepienirionalis^ with hvpha? .5K p in diameter. 
The bromatia measured .30 mm. and consisted of well-developed pyriform 
gongylidia 4-4.0 p long and 1.5-3 ji broad. 
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6. Attft (Mycetosoritis) hartmaxud sp. nov. 

This interesting little ant was discovered May 9, 1903, in the sandy 
country on the left bank of the Colorado River at MontopoUs and Delvalle, 
near Austin, Texas, while, with the assistance of Mr. C. G. Hartmann, I 
was examining and photographing the nests of Trachymyrmex iurrifex 
and septefitrionalu. At first I was inclined to regard the diminutive workers 
as merely belonging to incipient Trachymynnex colonies, but closer study 
soon show^ed that these little ants were not only specifically distinct but also 
represented a new and interesting subgenus, in certain respects intermediate 
between Trachymyrmex and Cyphrmyrmex. There were hundreds of 
their nests, often within a few decimeters of one another, in the fields or in 
clearings among the oaks and wherever the sand was fully exposed to the 
sun. These regions were also inhabited by several species of solitarj’^ wasps 



Fig. 26. Crater of Alta {Afi/ceto»onti«) Jtarlmannt from sandy i>ust>uak vnooiIh at Moiito- 
polis, Texas. .Vatural size. U’hotograph by Mr. C. Ci. Hartmann.) 

{M icrohemhex and Pom pilaus) and numerous colonies of ants (Trachymyrmex 
furrifex and septentrional^, AphanwgaMer treatw, Pheidok splendidula and 
morriHi, Solenopsis geminatn, Pogonomyrmex eomanche, Prenolepis arenivaga, 
etc.). The herbaceous flora of the region consisted of a sparse growth of 
bull-nettles (latropha stimulosa), showy gaillardia (Gailkirdia pnlchella), 
butterfly weed (Asclepias tnherosa), white prickly poppy (Argemone alha), 
stone crop (Sedum) and cactus (Opuntia engeJmanni), all in full bloom. 

The nests of the Mycetomritis are small turriform craters of pure sand 
0-8 cm. in diameter at the base and tai>oring rapidly to the summit, which 
is 2.5-4 cm. high and perfomted with a cinnilar orifice barely 2 mm in 
diameter (Fig. 26). Occasionally the summit is double (PI. L, Fig. 28) 
and furnisheil with two entrances, which, however, soon unite to form a 
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Fig. 27. Section of nest of Atta {Myretoaoritis) harfwnnm in i)iire .Hunrj m Delvalle, Texas. 
About i natural size. (Pliotogrupli by Mi. C. (i. Hurtmunn.; 


difficult. The mcasiin^ments of six of these nests (S to X) are given in the 
accompanying table, diagrams of three of them arc rej)rest‘nted in Figs. 
30-32, PI. LI, and pliotogra])lis of jwrtions of one of tliem in Figs. 27 and 
28. 
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Atia {^fycetos(mtes) hartmanni sp. nov. 


Nest 

Gal. i 

Ch. I kiixl ll‘ 

Ch. II 

Gal. 

Ill 

1 

Ch. Ill 1 

Gal. ‘ 
IV 

Ch. IV 

' Total 
i Depth 

S. 

5. 

2. X2.S 

1.5. 

2.6X4. 

_ 

__ 

_ 

_ 

24.6 

T. 

6.3 

1.3X2. 

20.5 

2.5X4. 

1S.5 

2..?X3.4 1 

— 1 

— 

! 51.6 

U. 

5. 

1.4X1.4 

13. 

2..iX4. 1 

29.4 

2.5 X 4.6 1 

— i 

— 

; 53.4 

V. 

7.6 

1.3 X 1.3 

13.3 

3.3X3.S i 

7. 

4. X4. : 

— ! 

— 

, 36.5 

W. 

6. 

1.2 X 1.3 

18.7 

2.3 X 3.7 i 

20. 

2.9X4.1 , 

14 1 

2.X3.4 

; 67.1 

X. 

5.2 

.<SX1.5 

28. 

1. X3 2: 

i 

25.3 

2.5 X 4.5 

14 ■ 

2.X3.4 

' 78.8 

Are. 

6 5 

j 1.3X1 fi 

IS.l 

2.3X3..S 

1 

19.8 

2.SX4.1 1 

14 

2.X3.4 

52.1 


The galleries are proportionally longer than those of inrrijex nests in 
clay or black soil^ and the chambers are absolutely smaller and more oblately 



Fie. 28. One of the pendent funeas gardens of the nest shown In the preceding figure, 
slightly enlarged. (Photograph by Mr. C. G. Hartmann.) 

spheroidal. On an average, liowever, the Mycetosoritis nests are quite as 
deep (55.1 cm). Their resemblance to turrifex nests in pure sand, like nest 
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R of the table on p. 750, is greater owing to the elongation of the galleries 
of the latter species. 

Like the species of Trachymyrmex^ M. harfmanni leaves the rootlets 
dangling into the chambers as suspensoria for its fungus-gardens (Fig. 28). 
These gardens, however, have a much more delicate and flocculent texture 
and are made up almost exclusively of the anthers of plants, knit together 
by a snow-white mycelium consisting of slender hyplise .58 y in diameter. 
The bromatia, which measure .3-.4 mm. consist of typical pyriform gongy- 
lidia 1.5-4.3 y in length and 1.3-4 y in breadth. 

The colonies are small, not exceeding 60 to 70 workers. Only a single 
dealated female w^as found in each of the nests. I w^as unable to find any 



Fiff. 29. Fungus ffiirrien of Atta {MiiretomnUs) hartmaiini, removed from the nest intact 
and placed on the ground, (Photograph by Mr. C. G. Hartmann.) 

larvae or pupfe. ^Ir. A. M. Ferguson, who helped me excavate a numl>er of 
the nests on one occasion, and kept the ants with some of their gardens in an 
artificial nest, succecdetl later in the summer in rearing the males and winged 
females described on ])p. 715-716. The workers are extremely timid and 
^Teign death” with the utmost readine.ss. Their small rough bodies are 
then quite indistinguishable from the sand grains among which they lie. 
Only a few workers forage or excavate at a time. They .seek the withered 
anthers where they have fallen or have been drifted by the wind on the sur¬ 
face of the sand and slowly ami laboriously transport them to their nests. 
These anthers, many of which still contain pollen grains, arc in.serted entire 
in the gardens and are evidently responsible for the light and flocculent 
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texture. Exposure of only a few moments to the air causes the delicate 
mycelium to wither and contract. The garden of the chamber represented 
in Fig. 28 was thus dried, but the one in Fig. 29 was photographed imme¬ 
diately after its removal from the nest. The ants appear to be crepuscular 
or nocturnal. 1 have not seen them at work after ten o'clock in the morning 
except on very cloudy days. 

On June 5, when I paid a second visit to the sandy country at Monto- 
polis and Delvalle, all the nests were closed and the craters revealed no signs 
of recent excavation. They had merely crumbled, marking the sites of the 
nests as obscure little piles of sand. I opened several of the nests and found 
the workers moving diligently about in their gardens, which were in fine 
condition. On June 20, when, just l>efore leaving Texas, I paid a final 
visit to the dry post-oak woods, not a trace of the nests could be found. 
The wind and rain had complet(dy obliterated the fragile turrets and fused 
their sandgrains with the surrounding surface, so that even the closest 
observer would never have sus{>ected the existence of innumerable colonies 
of little ants diligently cultivating their hanging gardens in the dark bosom 
of the yellow sands. 

The foregoing description of the nests of Myceiosoritis shows that this 
ant is < losely related to Trachymynnex, The members of the genus Cypho- 
myrmex, as will lie seen from the following accounts of two sf)ecies have 
veiy different habits. 


7. Oyphomjnrmez wheeleri Forel. 

This .species api^ears to be more widely distributed than most of the 
preceding, .sin(‘e it ranges from Ontral Texas to California and probably 
also over a large portion of northern Mexico. In Texas it is rather rare 
and, according to my observations, occurs only in arid regions, esj)ccially 
on the EdAvards Plateau and Grand Prairie and in the stony deserts of the 
l>ans Pecos country about Langtry and Fort Davis. Although several 
of the preceding Attii prefer to live in dr\’ localities among plant a.ssociations 
of a more or less xeroph\’tic habitus, the alK>de of C. wheeleri is characterized 
by even greater aridity. Most of my obserA’ations on the habits of this ant 
were made among the lime-stone hills of the plateau escaqjmcnt just Avest 
of Austin. Some of these hills, AA'hich are often beautifully stratified and 
terraced and belong to lower cretaceous formations, arc shoAvn in Fig. 30, 
from a photograph taken in the early morning when the long shadows 
accentuate their peculiar structure. The terraced slopes arc strewn Avith 
blocks of limestone of different sizes. Among these hills, from early spring 
to late autumn, the heat and the glare of the sun reflected from the white 



766 


BuMin Anurimn Mumum of Natural HkU>ry. [Vol. XXIII, 





1907.] 


Wheelerf Fungus-growing Ante of North America, 


767 


rock are exceedingly oppressive. Water is very scarce and the vegetation 
is so sparse and stunted or of such a xcrophytic character as to yield little 
sliade except in the deeper canons. The trees and shrubs comprise such 
species as the mountain cedar (Juniperiis mhinoides), several hackbcrries 
(Cehis helleri, reticulata and pallida,) oaks {Quercm fimformie hreviloba and 
echneckii), buckeyes (Ungtiadia specioaa and Jieculus octandra), dwarf 
mulberry (Morns celfidifolia)^ dwarf walnut (Juglans rupestris), frijolillo, 
or conil bean (Sophora secundiflora), Texas persimmon (Brayodendron 
texanurn), madrofia (Arbutus xnlapensis var. texana), algerita (Berhcris 
trifoliafa), Kysenhardtia nmorphoides, Leucophyllum texanurn, Rhus micro- 
phylla aiul virens, and Ephedra antisyphilifica. During tlie spring the bare 
rocks are beautiful with a profusion of smaller plants (Gilia rigidula, CastU- 
leia, Salvia texana, Stillingia angustifolia, Palafoxia texana, Androstephium 
violaceum, Carnassia fraseri, Yucca rupicola and Xolina) 

It is only on the higher and more arid temices that C wkeeleri manages 
to live and cultivate its fungus gardens, where long after other plants have 
bloomed and deep into the winter the golden heads of Actinclla scaposa nod 
on their long stems. The nests are always under large stones covering a 
little lingering moisture in the hard soil, which consists very largely of dis¬ 
integrated limestone. Each colony comprises only a few dozen workers 
and a single dealated female except during the spring and early summer, 
when one finds also sSeveral callow workers, males and females and a variable 
numl)t‘r of eggs, larvje and pupae. The workers are nocturnal, at least 
during the W’^arm seasons of the year, a peculiarity which is indicated by 
their yellow color. They are veiy slow in their movements and n'adily 
“feign death.“ 

The excavations though extensive for such small ants, are unlike those 
of Atta, Trachymyrmex and Myceiosoritis, A few rough and occasionally 
branching galleries about 1-2 cm. in diameter rim along the surface covered 
by the stone, and descend vertically into the ground to a depth of 10-15 cm. 
One of the surface galleries terminates in a small entrance at the edge of the 
stone where its opening may Ire marked by a small crater. Irregular and 
indistinct dilatations in the galleries represent the chambers of other Attii, 
and in one of these dilatations, which is often fully exposed when the stone 
is removed, or may be readily uncovered at a depth of a few cm., the single 
fungus garden is found. This rests directly on the ground and is spheroidal 
or ovate, usually about the si/^e of a filbert or pecan nut, more rarely half as 
large as a hen's egg. It consists of a delicate flocculent substratum made ot 
small vegetable slivers covered with a dense snow white mycelium. The 
slivers average from 1-3 mm. in length and appear to have been torn from 
the stems of herbaceous plants. They undergo no trituration or comminu- 
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tion before they are inserted in the garden. The mycelium which binds 
these slivers together l>ears distinct bromatia .6~.7 mm. in diameter and 
consisting of pear-shaped gongylidia 1.5—3.5 in length and .78—1.56 jx broad. 
They are less globose than the gongylidia of Atta and Trachymyrmex and 
loss club-shaped than those of the South American species of Cyphmnyrmex 
represented in Moeller’s figures. Sometimes as in these species, however, 
they are not terminal but appear as mere swellings in the course of the hyphte. 
The brood is embedded in the fungus gardens and the eggs and young larvte 
and often also the older larvjc and pupae are covered with a delicate film of 
mycelium. 

The ants carry all the exhau.sted particles of the substratum out of the 
galleries and build them into a flat mass whicli adheres to the lower surface 
of the stone. More rarely this refuse is dumped outside the entrance of the 
nest at the edge of the stone. As the mass of slivers is sometimes nearly 
as large as a man’s hand and therefore greatly exceeds the size of the flour¬ 
ishing gardens, one is compelled to conclude that the vegetable particles 
contain but little available nutriment for the fungus and have to be con¬ 
tinually renewed by the workers. Moreover, as these masses of exhausted 
substratum are often found under stones covering completely deserted 
galleries, it is probable that the ants keep moving to new nesting sites. 
This moving must be necessitated by the small amount of moisture in the 
soil and the rapidity with which it evaporates even from under large stones. 

In the vicinity of Austin, C, wheeler! is not confined to the limestone 
hills of the Edwards Plateau. On three occasions I found small isolated 
crater nests of this species in the hard |>ebbly soil of the open woods at a 
lower altitude in the outskirts of the town. The exhausted substratum 'svas 
dumped to one side of the small circ*ular entrance which descended vertically 
into the soil. These nests must have been much deeper than the ones above 
described as I never succeeded in excavating them completely or in finding 
the fungus garden. 

The males and winged females were found in the nests on the Edwards 
Plateau June 20th, and as early as June 8th in the somewhat warmer countiy 
about Fort Davis. In the latter locality I noticed among the vegetable 
slivers of the exhausted substratum a numlxT of elytm, thoraces, etc., of 
small beetles, but whether the.se in.sects had been collected for food or merely 
formed a part of the substratum, I am unable to say. 

8 . Oyphomyrmex rimosus Spinola. 

The stations inhabited by the various subspecies and varieties of this 
widely distributed ant afford a striking contrast with the arid environment 
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of C, wheehri and entail a corresponding contrast in habits. All the forms 
of rimosm tliat have come under my obsen^ation live in the shade of trees 
and bushes in rather moist, black soil. These ants are, in fact, restricted 
to such localities on account of the material they require for constructing 
their gardens and the peculiarities of the fungus which they cultivate. The 
habits of the subspecies 7ninutus which 1 have had abundant opportunities 
of observing in the Florida Keys, Bahamas, Culcbra and Porto Rico, and 
those of the subspecies dentaius which I first found in the lovely barrancas 
about Cuernavaca, ^Mexico, resemble so closely the habits of the var. comalen-- 
sis at New Braunfels, Texas, that 1 may confine my remarks very largely to 
this form. 

At New Braunfels a number of l>eautiful springs, the sources of the Comal 
River, gush forth from the foot of ]\Iission Mountain, one of the limestone 
hills that constitute the Gnind Prairie escarpment (Fig. 31). The volume and 
temperature of these springs is pmctically constant during the entire year. 
They nourish an exuberant vegetation consisting of ash-trees, live-oaks 
and shittim wood (BinneJIa Igcioides) and a dense undergro^\'th of sub¬ 
tropical shrubs and herbaceous plants too numerous to mention. The 
entomologist who enters this undergrowth must be prepared to endure the 
fiery torments of the “red-bugs’' or “eoloradillos" irrifaus) and 

ex(*ix'ise some care lest he tn^ad on a w'ater moccasin. But, if he be in 
.s(*arch of ants he will be rewarded by finding a number of interesting sub¬ 
tropical species, among others three species of Pseudomyrma {pallida, 
brunnea and fluvida), a singular little Strurnic/em/s (S. margaritce Ford) 
hitherto known only from the island of St. Vincent, besides the fungus-grow¬ 
ing ant w ith which we ar<‘ here concerned. 

This ant, owing to the dose agreement between its color and the black 
soil over which it moves, is more difficult to detect than any of the other 
.small Attii described in the pn'ceding pages. Single w’^orkers wander about 
slowiv in the damp shade of the plants in seardi of the caterpillar excrement 
w ith which they construct their gardens. As soon as one of the short, cylin¬ 
drical, ribbed pellets is found, the ant seizes it in her jaws, raises it above 
her head like a man shouldering a cask and returns home with accelerated 
pace. The slighte.st touch causes the ant to drop her load, draw up her legs 
and antenna* and '‘feign death.’’ And he must have exceptionally good 
eye-sight wdio can di.stinguish her rough, opaque and inert body from the 
particles of earth among w hich it falls. 

The colonies of C, comalensis are latter than those of C. udiefieri, some¬ 
times comprising a hundred or more workers and from one to three dealated 
queens. The nests are under mthcr small flat stones or pieces of wood, 
w ith the entrance sometimes nearly a cm. in diameter, at the periphery. On 
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removing the stone or piece of wood the galleries are seen to lx? very irregular, 
running along the surface as in the nests of C, wheeleri and extending down 
into the soil to a depth of 20 to 35 cm. They adapt their course to the many 
small fragments of limestone on or below the surface. The single fungus 
garden, of irregularly flattened or sometimes of elongate and straggling 
form lies in dilated portions of the gallery, usually completely exposed by 
the removal of the stone. In many nests the garden rests on a small stone, 
piece of bark or dead leaf frf)m which the earth has been carefully removed 
by the ants. fSo different is this garden from that of the other Attii hereto¬ 
fore described that it has been completely overlooked hy ail previous ob- 
.servers. The substratum consists of a mass of caterpillar dmppings a few 
cm. in diameter, which have undei^one so little manipulation by the ants 
that the individual pellets may be distinctly recognized even to the pecu¬ 
liar ridges produced by the rectal folds of the caterpillars. 

The fungus grown on this substratum is not a mycelium as in all the 
sjx‘cies above described, but is in the form of a numlx^r of isolated whitish 
or yellowish bodies .2r>~.55 mm. in diameter, of the appearance and consist¬ 
ency of cheese crumbs and of an irregularly }X)lygonHl or pyriform shape 
(PI. L, Fig. 29). Each of these bodies may be said to correspond to a cluster 
of gongylidia and may then*fore be called a bromatium. It rests with one 
of its angl(‘s or surfaces oti the caterpillar excrement, but no rhizoids or 
mycelial threads can be seen at this point entering and ramifying in the 
substratum. The whole garden is ke[)t so moist that when first exposed to 
the air the surface glistens with a film of greenish liquid. As the bromatia 
rest on this liquid, which evidently represents a thick solution of fecal and 
vegetable substance's, they are in a position to absorb nutriment directly. 
It is probable that the habit of placing the excrement on the surface of a small 
stone, bit of wood or dead leaf which happims to be found in the gallery of 
the nest, is for the purpose of rt'taining this nutrient moisture and pre¬ 
venting its absorption by the soil. All of these conditions are such as to 
restrict C\ romalensis and the other forms of rim(*sus to moi.st, shady localities. 
Such situations an' of coursi\ also the only ones in which tropical and sub¬ 
tropical plants are sufficiently abundant to furnish an unfailing supply of 
caterpillar droppings. 

When the bromatia are crushed and examined in water under a high 
power of the microscope, they are seen to consist of a dense mass of elliptical 
or subspherical cells measuring .7^2 /« in length and .78-1 /£ in breadth. 
Among these there are also cells of other shapes and even smaller sizes as 
showm in PI. LII, Fig. 43. The cjioplasm of all of these cells is (‘olorless 
and finely granular and amtains one or more clear vacuoles and a few small 
refractive corpuscles. A nucleus is probably present, but I have been 
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unable to find it in iny preparations. The cell wall is always very thin and 
transparent. These cells closely resemble those of the common yeast {Sac- 
charomyces) except that they arc considerably larger. Like the yeast cells 
they may often be found in the act of budding or dividing. In this manner 
probably arise the minute cells scattert‘d alx)ut among those of much larger 
dimensions. All the cells arc held together in the bromatial mass inenily 
by cohesion of their surfaces without assuming polyhedral shapes from 
mutual pressure, and there is no perceptible intercellular substance nor 
any trace of an envelo]>e enclosing the mass as a whole. 

Neither the mycologists with whom I am acquainted nor the botanical 
works to which 1 have access, have given me any satisfa<’tory information 
concerning the natural affinities of this singular fungus. That it mUvSt be 
in a purely vegetative stage of growih will probably be admitted, since then* 
is nothing to suggest sporulation in the structun* of the bi*omatia or the cells 
of which they consist. It is also evident that this plant must repnvsent 
an entirely different fungus from any of those described by Moeller. Its 
cultivation on some artificial medium, such as agar mixed with sterilized 
extract of cateipillar excrement, may be ex])ected to throw light on its affini¬ 
ties and to show that it belongs to some well known genus or .sp(‘cies, })ut 
this can be undertaken only by a trained mycologist. It will be a long tiim*, 
however, before we are in possession of any information in regard to these 
matters, if botanists continue to manifcwSt as little interest in the fungi cul¬ 
tivated by ants as has been the case during the past fifteen years. In the 
meantime the singular fungus cultivated by C. comalensis and the other 
forms of rimosns over such an extensive area of the American tropics (‘ei*- 
tainly deserves a name, and even at the risk of creating a synonym, 1 propose 
to call it Ti/rkUomyrcs jormicarnin gen. et sp. nov. and to assign it provision¬ 
ally to the order Exoaeea*, a group which also includes the well-known yeast 
fungi. 

I have proved that the ants eat tlic Tyridiornyces, by observing their 
behavior in artificial nests. On .several occasions colonies wen* bn 3 Ught 
from New Braunfels to Austin, where they were kept in Petri dishes for 
periods of from one to four weeks and provided with tlie (‘xenmient of cater¬ 
pillars (Hyperchiria io) which feed on the leaves of the southern Imckberr}' 
{Celtis mississippirnsis). The captive ants were as careful of the bromatia 
as of their brood. AMien the garden was disturbed they i^earranged the 
pellets of excrement and deftly rc‘placed tlie scattered and detached fungus 
bodies. Workers, feinah's and males were frefjuently seen holding these 
bodies between their forelegs and eagerly rasping off portions of them with 
their tongues. Sometimes an ant would consume a whole bromatium, but 
more frequently only a portion was eaten. The irregular |)olygonal shape 
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of the bodies is undoubtedly due to this method of feeding. It is equally 
certain that these bodies keep growing in size and regenerating the consumed 
portions by a rapid proliferation of their component cells. Cateqnllar 
excrement freshly introduced into the nest was “seeded” by the workers 
either with entire bromatia brought from older portions of the garden or 
with small pieces bitten off from the bromatia and sprinkled over the new 
substratum. In the artificial nests the ants were unable to raise sufficient 
fungi for their consumption, so that in the course of a few weeks they de¬ 
voured all of the bromatia and eventually died of starvation. As anile the 
substratum employed by C. romalensiH and the other fonris of rivioms^ that 
have come under mv observation, consists exclusively of catcrjiillar droppings, 
but in several of the nests of the subsj)ecies minuhis in the island of Culebra, 
1 also found small pieces of plant suV)stances which I was unable to identify 
and a few small decom]K)sing insect lar\*a\ These were mingled with the 
cateq)illar excrement and also dotted with flourishing bromatia. 

()n one of my artificial nests of comalensis I made an observation which 
proves that this ant can also eat animal food. Several of the larvie and pupffi 
that had l>een injured while the colony was being captured were eaten with 
avidity not only by the workers but also by the males and winged females. 
They did not, howevc^r, eat other insects, such as flies and small beetles, 
which I placed in their nest. The remains of the lars'^ffi and pupte were 
eventually inserted among the caterj)illar excrement and carefully seeded 
with pieces of bromatia. This wouUl seem to indicate that the Welle frag¬ 
ments s(‘en in the n<\sts of wheeleri at Fort Davis may have been similarly 
employed as a jK)rtioii of the substratum. 

Both in the natural and artificial nests of C. conmlen.sis and miniitus the 
ImKxl was carefully kept to one side of the damp fungus garden, which 
would certainly be a very unwholeik)me and inappropriate nurserv’ com¬ 
pared with the flo(‘culent gardens of other Attii. The larvje of comalensis 
were fed by the workers with small pieces of the bromatia. I have seen a 
few virgin females in the nests of this variety as early as May 10, but these 
and the males were not found in numbers till June 10 to 21. In the more 
southern countries, such as (.^ilebra and Porto Rico, the winged phases 
appear as early as Marc'h and April. They “feign death” like the workers, 
but the male.s less readily than the females. 

0. Atta (Mycocepurus) smitUi Forel. 

This species, originally described from the island of St. Vincent, seems 
to be widely distributed through the West Indies and Mexico, but I have 
seen it only in Porto Rico, where it is represented by the variety horinquemn- 
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sis. Owing to its rc‘tiring habits and small size, it is very easily overlooked. 
A few isolated nests were found in the o{>en fields and among the cafetals 
and platanals along the turnpike which winds through the picturesque 
mountains l)etween Arecibo and Ponce. These nests and one found in the 
curiously eroded country about Vega Baja betwetm San Juan and Arecilx), 
were small, obscure craters less than 8 cm. in diameter, made of earth of a 
different color from that of the surrounding surface and therefore brought 
up from some little depth. I made several attempts at excavation but was 
never able to find the fungus gardens. Finally I discovered a nest in moist 
red clay under a stone on the shady slope of Mount Morales near Utuado at 
an altitude of about 400 ni. The ants, about 30 in number, had constructed 
a small tubular entrance at the edge of the stone and had excavated a tenuous 
gallery about 5 mm. in diameter for a distance of several cm. along the sur¬ 
face covered by the stone to a small irregular chamber. In this I found the 
fungus garden which consisted of a mass, hardly more than 2 c. cm. in volume, 
of caterjiillar droppings, studded with bromatia which differed from those 
of Cyphomyrmox rimosus only in the .somewhat gn^ater volume of their 
component cells (PI. LI 11, Fig. 44). This difference is, however, pn>bably 
of little importance, as the material fmm which the figure was dmwn was 
more recently preserved than that repre.sented in PI. LIII, Fig. 43. As i\ 
minutus and Mycocepurus honnquenensis occur in the .same localities it is 
quite po.ssible that both ants ma^v cultivate the same species of fungus. 

These ob.servations though very meagre, are nt'verthele.ss sufficient to 
prove that in its habits Myrocrpnrus is mucli Uiore clo.sely related to (^ypho-^ 
myrmex than to any of the subgenera of Atta, It would be penni.ssiblc 
therefore to regard Myrocrpnrus as an indejx'ndent genus. 

10. Myr]nicocr 3 rpta brittoni .sp. nov. 

My brief glimpse of the habits of this Porto Rican ant would l>e hardly 
worth recording, were it not that no ob.ser\’ations have lx*en published on 
the habits of the remarkable gen as Myrmicorrypia, M. hrittoni was seen 
only at Santurce, a suburb of San Juan, while I was accompanying Pro¬ 
fessor N. L. Britton on a botanical excursion. The ants were nesting in 
the sea-beach ju.st above high-water mark and over a narrow strip of the 
adjacent shore in a large grove of cocoanut palms. The black workers 
stood out in strong contrast with the white sand over which they w^^rc mov¬ 
ing in the bright sunlight. The nests, which were very numerous and often 
only a few meters ajmrt, resembled those of Trachymyrmex turrifex as they 
were in the form of flat, circular craters, 8~10 cm. in diameter, very shallow 
in the middle and with the vertical entrance galleiy terminating on a small 



1907.] 


Wheeler, Fungm-growing Ants of North America. 


775 


turret about a centimeter high. Under the palms the sand of the craters 
was often of a deep red color, unlike that of the surrounding surface, so that 
the galleries must have been rather deep. Unfortunately my stay in this 
locality was so brief that I could not examine the nests at my leisure. Al¬ 
though I subsequently collected in many localities on the island, I never 
again encountered M. hrittoni. Santurce is, however, easily accessible from 
San Juan, and the future observer will have no difficulty in finding the nests 
and of learning much more concerning the habits of this interesting ant. 


Part IV. The Attii and the Other Fungus-growing Insects. 

Many insects, especially of the orders Coleoptera and Diptera, either in 
the larval or imaginal stages, are known to feed on fungi, but the ability to 
cultivate or to control the growth of these food plants is, so far as known, 
restricted to certain termites, Scolytid beetles and ants. The taxonomic 
relationships of these three groups to one another are so remote that we are 
compelled to regard this control as the result of convergent development. 
In other words, the fungus-growing habit must have arisen independently 
on three separate occasions in the phyletic history of the Insecta. In order 
to securt' a broader comparative basis for a discussion of the fungus-grow¬ 
ing habits of the Attii it will be necessar}' to summarize our knowledge of 
the similar habit.s in the termites and ambrosia beetles. 

1. The Fungus^growing Termites. 

Several observers have undoubtedly seen and described the fungus 
gardens of termites without being aware of the full significance of their 
observations. As these gardens are ])erforated sponge-like masses filled 
with the insects and their brood and lying on the floors of subterranean 
chambers, they have often been regarded as the true nests of the termites. 
The earliest author to call attention to these structures seems to have been 
Kiinig (1779). After describing the vaulted, smooth-walled earthen cham¬ 
bers of Termes faialis at Tanjore, he mentions the ganlens full of holes and 
lying on the floors as being '‘covered with little knots on their outer and 
inner surfaces, like chagrin skin. This texture is most clearly seen at their 
margins near the o^ienings and entrances. Under a magnifying glass they 
appear fibrous or woolly.’’ In the light of our present knowledge it is 
evident that this fibrous or w’oolly apj^earance w^as caused by the fungus 
mycelium. 
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Smeathiiian (1781) was the first to recognize the growth covering the 
garden as being that of a fungus, although he was not aware that it bore any 
important relation to the insects. In his interesting ac(*ount of the African 
Termes hellicosus he refers to the gardens as nurseries.“There is one 
remarkable circumstance attending the nurseries. Tliey are always slightly 
overgrown with mould, and plentifully sprinkled with small white globules 
about the size of a small pin’s head. These, at first, Mr. S. took to be the 
eggs; but on bringing them to the microscope, they evidently appeared to 
be a species of mushroom, in shape like our c'atable mushroom in the young 
state in which it is pickled. They appear, when whole, white like snow a 
little thawed and then frozen again, and when bruised seem cornposeil of 
an infinite number of pellucid particles, approaching to oval forms and 
difficult to separate; the inouldiness seems likewise to be the same kind of 
substance. The nurseries are inclo.sed in chambers of clay, like those which 
contain the j)rovisions, but much larger. In the early state of the nest they 
are not larger than a hazel-nut, but in gn^at hills are often as large as a 
child’s head of a year old.” I rejmKluce in Plate LI 11, Figs. 55 and 56, 
Smeathman’s figures of a “nursery,” and of three of the “mushrooms” 
enlarged, as these are the earliest known illustrations of the fungus garden 
of any insect. 

Hagen (ISOO), in his well-known monograph of the Termitidjc, quotes 
a communication which he received from Nietner of Ceylon on a sj>e(‘ies 
referred to Termes fafalis. This observer describes the vaulted earthen 
chambers of the nest and the fungus gardens which they contained. The 
latter “are hemispherical or broadly conical, flat or (‘oncave at the base. 
They are nowhere attached, but stand out frt'ely in the chambers, from 
which they may be removed without injury. They consist of a soft bread¬ 
like mass of gnawed wood; are brown in color and when broken oj)en golden 
gray. These nests are always found to be full of minute micToscopic fungi, 
the finest and most beautiful imaginable. The corpuscles, as laige as a 
fine pin’s head and composed of small I)eads, grow in clusters on a net-work 
of roots and young brood; all resembling cry.stals of ice or silver.” Nietner 
“does not believe that this fungus bears any other relation to the termites 
than that the substance of the nest conduc;es to its growth. The bread-like 
nests, threaded with fungi, consist of small galleries and ctdls which often 
contain so many eggs and young that the whole appears to form one living 
mass.” 

Although, as shown by these citations, the termite gardens were known 
long before those of the ants, their true significance was not understood till 
after the publication of Moeller’s wwk (1893) on the South American Attii. 
Holtermann in 1899 made the first careful study of the gardens of Termes 
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taprobanes and fafalii in India and the Malay Archipelago (Singapore, 
Java and Borneo.) He says: “These animals build their nests in the ground; 
once only did I find them nesting in a log. Notwithstanding their clandes¬ 
tine mode of life, I have been able to investigate hundreds and hundreds 
of their singular habitations, for I was able to find them easily by means of 
a species of Agaricus which was always rooted in a termite nest. It was only 
necessary to follow the stem of the pileus into the earth, although in some 
cases I had to dig to a depth of a meter.“ Like Nietner, Holtermann refers 
to the fungus gardens as “nests.*’ These varied from the size of a walnut 
to that of a man’s head and were of a sponge-like structure, full of hole^ and 
galleries containing termite eggs, larvie and nymphs. The gardens were 
found resting on the floor of the earthen chambers and were separated from 
the walls by a space as broad as one’s finger. 'They consisted of finely 
comminuted vegetable substances (]X)rtions of dead leaves and stems) that 
had passed through the bodies of the termites. Under the microscope 
“the surfaces of the galleries were seen to be covered with a white felt-work 
of mycelium. Usually the hyf)ha‘ were loosely united but sometimes they 
were combined in strands. The individual hyphre were richly septate but 
showed no ‘Schnallenbildung’ at the septa.” Even with the unaided eye 
HoltiTinann could detect aerial hyphie projecting from the general felt- 
work of the mycelium. “The terminal and often the jx^nultimate cells 
of these hyplue wen* filled with strongly refractive, hyaline protoplasm, 
whereas the remaining cells contained remarkably little plasma. The 
terminal cells were often swollen and clul)-shajx^d. Sometimes the tip 
even lx‘came spJierical but (jnly in its upper }X)rtion. In exceptional cases 
the hyplne anastomosed, most frequently through confluence of the terminal 
cells.” This mycelium ramified thmugh the whole substratum which it 
perhaps served to bind t(»gethcr. The swollen tips of the liyphie were often 
aggrt'gated to form bromatia like those of Aita, but Holtermann failed to 
find them in all termite colonies, and believes that they may occur only in 
the ganlens of certain species. In ad<lition to these structures he describes 
others of a more interesting character, namely, small spherical bodies dis¬ 
tributed everj’where on the mycelial net-work. They were white, varied 
from .25^2 mm. in diameter and were usually attached by a peduncle .5-1 
mm. in length. The minute structure of theae spherules which were not 
abundant in the interior of the ganlen, is described as follows: “The pe¬ 
duncle consisting of nearly parallel h}q)hie becomes wider below and loses 
itself in the substratum; othen\*ise it is of uniform thickness and the head 
is sharply markexl off from its end. The rudiment of the head appears as 
a distinct thickening at the tip of the stem and as soon as the head is estab¬ 
lished the stem ceases to grow. In every chamber are found all the transi- 
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tions from completed heads to their earliest development in the form of 
a rich branching at the tip of the bundle of hyphte forming the stem. The 
otherwise parallel filaments ramify more and more, till the head is formed. 
It should be noted that the ends of the filaments do not l)ecome thinner 
while branching but always retain the thickness of the general mycelium. 
The outer cells grow less rapidly than the others and after a time become 
passive, thus forming an enveloj>e which later appears as a kind of ].)eridium. 
The limits of the envelope subsequently l)ecome more distinct through the 
gradual drying up of the outer cells. The inner cells, on the contrary, 
actively proliferate. The head continues to enlarge owdng to the numerous 
ramifications of the hvpha?, till it has become a sac-like apical thickening. 
With this increase in size its spherical form changes to an oval. Some time 
before it attains its complete development, a rapid formation of oidia takes 
place in its interior, as the hvphfc break up into very short oval cells. ()nly 
here and there a few of the main filaments remain intact, but the lateral 
branches and greater portion of the hyphie cvcrA^whcrc break up into short 
rows of oi'dia.’' These ohlia are <S-2o // long and G-IO ft broad and have one 
or two vacuoles in their protoplasm. So complete is this resolution of the 
hypha' of the head into o’ldia that a slight pressure on the cover glass causes 
the dry peridium to burst and thousands of oidia to escape. Holterinann 
found that the oidia are eaten by the tennites, but he expressly states that 
these insects also feed on dead leaves, stems, etc. Wlieii the insects are 
removed from the garden, the cavities of the latter become stuffed with 
masses of aerial h^'jilw, the ripe oidial heads wither up and alien fungi may 
make their appearance. Holtemiann does not believe that the tennites 
are instrumental in preventing these changes under normal conditions 
since they occur even when termites are present, if the garden is exposed 
to the light. The normal condition of the gardens may l3e due to their 
confinement in dark subterranean chaml>ers, where the spores of alien fungi 
are unable to germinate. Holtennann is also of the opinion that the above 
described fungus represents a form of the mushroom which he found growing 
out of the nests and calls xifjaricu^^ rajap. This mushroom has an uml)er- 
brown pileus and long gray stem. Its spores are rose-red. He succeeded 
in growing these spores in a culture liquid, but no oidial heads were pro¬ 
duced although the hyplue sometimes bore club-shaj>ed swellings. Oidia 
from the termite gardens were also sowm and slowly produced hyph» with 
swollen ends and indistinguishable from those grown from the Agaricus 
spores. This is not, however, conclusive proof of the identity of the two 
fungi, although it seems to be regarded as such by Holtennann. 

Karaw^aiew (1901) has published in Russian an account of this same 
fungus which he obsenx^d at Buitenzorg, Java. His article is accompanied 
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by some excellent photogravures of the fungus gardens. In Plate LIII, 
Fig. 57, I have reproduced a portion of one of his figures showing the 
small oldial heads apparently of the natural size. 

Knuth (1899) observed the fungus gardens of a couple of unidentified 
species of Termes at Buitenzorg, but his description is very meager. 

Mme. Errington de la Croix (liKK)) has published some notes on the 
Malaccan Termes carbonarius which show that the nests of this sj>ecies 
contain fungus gardens, although they were not recognized as such. She 
merely states that they wert* "‘formed (j^erhaps?) by agglomerated eggs in a 
nutritive substance.’^ 

Havilarid (1902) figures the nest and gardens of Termes malayanus and 
mentions a nuinl)er of species of this genus from Africa and southern Asia 
as fungus growers. These comprise the sj>ecies of the hellivosus group 
{T. Mlicoeus, divesy fafalisy gilvus, azarelh\ carbonarius, malaccensis, mal¬ 
ayanus, natalensis), of the vulgaris ^ro\x\^ (T. vulgariji, angusfaius, capemis, 
fa probanes, hadiu.s, lafericius), and of the incerius group {T. incerius and 
pallidns). Among these are the largest forms of the genus. He states that 
neoteinic forms, that is, fertile males and females w hich nev’er dev^elop wings, 
are not known to occur among fungus-growing termites. The soldiers of 
.some of the s[)ocics arc aggressive and able to make sounds, thus recalling the 
behavior of the Aifa .soldiers. He says In the section of the fungus-growers 
to which T. bellicosus belongs the workers run away to their subterranean 
pa.ssages when the nc.st is Wing opened, wdiilst the soldiers stay to defend 
the nc.st; generally the smaller soldiers are more active than the larger, for 
they nm about w hilst the larger occupy the crevices of the nest and the 
cavities of the fungus becls, where they wait and bite at anvthing which comes 
within reach. The soldiers of this group can generally produce the rattling 
sound. In this accomplishment, T. carlfonarius has reached the highest 
.stage of development for the soldiers can hammer in rhvihmic unison. At 
first a few lK»gin irregularly, then they get into time, and the others take it up. 
Everv’ soldier in the expo.sed portion of the nest stands up and hammers with 
its head; the blow' is given thrice in very quick succession, and then there 
is an interval of two seconds. The noise they produce reminded me of 
wavelets lapping on a shore. This trick of hammering is .seen in only a few' 
species; it is clearly a modification of the shaking movements so often seen 
in workers.’’ 

Sjo.stedt (1896, 19(K), 1903, ltK)4) has added a numWr of species to the 
list of fungus-growing termites from Africa. Such are, for example, Termes 
lilljeborgi and the allied goliath, gabonensis, iiobilis, ampins, grains and 
vitrialatus. According to his latest paper (1904) T, fransi^nalensis is also 
to be included in this series of forms. In his monograph on the African 
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termites (1900) he figures the gardens of Entermes heierodon and describes 
them as follows: ‘'May 30, 1891, while digging in a hill-slope near the 
factOTA*^ NMian just beside the water fall of the N’dian River a considerable 
number of the fungus gardens of this species were unearthed. They w’erti 
as large as walnuts or somewhat smaller and of a light browmish yellow 
color. They were s(*attered about in the earth, some a few^ inches below the 
surface, others somewhat deeper. The earth betw^een them was perforated 
wdth a net-work of galleries, w^hich conne(‘ted the different beds wdth one 
another. Each of the latter w^as lying free in a (‘avity so that the tennites 
could move about over it w ithout obstruction. Only here and there WTre 
they attached to th(‘ adjacent earthen Avail. The nest or fungus garden 
itself is rather fragile and made up of morel-like, folded, and rounded disks 
separated by a labyrinth of long Acntricose or more rarely rounde<l c*avities. 
The surface is lumpy and shows that the w’hole consists of spherical particles. 
The cavities are filled with milkwhite larvie, workers, and soldiers, the tw'o 
latter with yellowish brown heads.’’ Sjostedt’s figures of the gardens of 
E. heteradon are re])roduced in Plate LTII, Fgs. 60 and 61. 

In 1904 TriigArdh })ublished an interesting account of three fungus- 
growing termites from the Sudan (T. natalensis, vulgaris and trwgardhi). 
The first builds large conical earthen mounds .(8-2.1 m. in ludght and 1.4 
-5.5 m. in diameter at the base. There are no openings on the surface of 
these mounds, but within they have a number of large chambers, of w^hich 
only the peripheral ones contain fungus gardens. These are like sponges 
and conform in shape to the earthen cavities on the floors of which they lie. 
They are perforated with galleries and consist exclusiA^ly of finely com¬ 
minuted vegetable substances that have been voided and Avelded together 
by the insects, for under the microscojx* they are seen to be made up of pellets 
that have been flattened into lenticular forms. The fungus growth is de¬ 
scribed as follow.s: “Under the microscope the surface of the substratum 
is seen to be covered Avith a white felt-work of mycelium and under still 
higher magnification small hyplue may be detected. These are aggregated 
here and there to form small round plates as much as 1 mm. in diameter 
and consisting of dense branched hA^plue. These apparently correspond 
to the structures mentioned and described by Holtermann, but differ from 
these, so far as I haA’^e been able to observe, in not having the tips of the 
hyphie swollen. Here and there on the inner walls, usually not in any 
great abundance, but more sporadic, at least in the gardens I have examined, 
there are small round bodies, which may be as much as 2.5 mm. in diameter. 
They are of a brilliant white color and are unlike those mentioned by Holter¬ 
mann in always lacking a peduncle. These spherules are of rather solid 
consistency and haA^e an external tougher envelope, the whole forming a 
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compact mass of very much branched and contorted hyj)hffi. The formation 
of the oidia, or process whereby, according to Holtermann, the hyphie in 
the interior of the s})herules breaks up almost completely into very short 
oval cells, is by no means so comj)lete in our species. To be sure, the 
hyphic are constricted in the interior so that they a[>pear as rows of short 
oval cells, completely filled with protoplasm, but these cells even in the larg¬ 
est spherules, which have reached their full development, remain attached 
to one another so that wlien a thin section is pressed under the cover glass, 
only a few of the cells escajje. In the spherules described by Holtermann, 
on the contrary, slight pr(\ssure on the cover-glass sets free thousands of 
oidia.^* 

The mounds of T. vuh/aris (= ajpnis Tragdrdh) are as large as those of 
natalerunis (1.4 m. high and 5.5 m, in diameter at the base), but the structure 
and arrangement of the chambers is very different. They are separated 
by thick walls and communicate with one another by very tenuous galleries. 
Each chamber has a flat floor with a peripheral groove and an arched roof. 
The gardens, which are shaped like inverted dishes and are not confined to 
the smaller perijdieral chambers, are often concave beneath, with a ridge 
around their border fitting into the circular groove in the floor of the chamber. 
The substratum consists of the same materials as in natalensi^ and is jx‘r- 
forated with numerous transverse galleries. Concerning the fungus Tra- 
giirdli says: ‘‘The spherules are much smaller than in mifnleNsh^ are like 
tluvsc nonpedunculate, and occur in great numbers on the walls and espe¬ 
cially on the roofs of the cavities and galleries in the peri[)heral })ortions of 
the gardens. These pt)rtions are also stuffed with larvie ami nymphs. The 
spherules are unlike those of 2\ uataJensL^ in structure, since as shown in 
Figs. 2^3 PI. Ill [reproduced in the present paper as Figs. 58 & 50, PI. 
LllI], the (tIIs in the outer layer of the s])herules are larger than those in 
the interior. Both the inner rows of cells, which ramify dichotomously, 
and the outer ones, are in part em])ty, in part filled with fim‘ly granular ))roto- 
plasm.” Although Triigitrdh found fungus-ganlens in the nests of T. 
tra'gardhi (= /ncer/t/.vTragh.) which seems to live as an incpiiliiie in the nests 
of T. hellwosns, nahilensis and vulgaris, lie believes that these had been 
stolen from the host termites and that trcegnrdhi does not itself grow fungi. 

Doflein (1905, 1900) has contributed more rt'cent observations on the 
gardens of termites. lie studied colonies of T. ohsettrurps in Ceylon. 
The mounds of this .species are about 2 ra. high and terminate above in one 
or more huge tubular, chimney-like orifices wdiich open into the galleries 
and chambers in the interior of the nest. The chambers are about as laige 
as a cocoa-nut or smaller, with smooth walls and excavated to a depth of 
1J m, below the surface. The gardens, which consist of comminuted wood 
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that has passed through the bodies of the insects, are dish-shaped, and there 
may be several piled one on top of the other in a single chamber. They 
are perforated with galleries filleil with the termites and their larvfe. *^On 
taking one of these brown cakes in the hand, one can see with the unaided 
eyes that its whole surfai’e is covered with a fine bloom of fungus mycelium. 
When broken open the interior of the galleries is found to be covered with 
|X^culiar white spherules about as large as a pin-head (1-2 mm. in diam.).” 
Doflein’s description of the minute structure of these spherules is less 
explicit than that of Ilolterraann and TriigArdh, but he actually saw the 
termites swallow these bodies when they were presented on the point of 
a sterilized needle. They were eaten by the larval workers and soldiers 
and by the adult kings and queens, but the adult workers and soldiers would 
not take them. The intestines of the latter contained only comniinuteil 
wood in which no fungus elements could be found. Dofiein, is, therefore, 
of the opinion “that in this sjx^cies the larvre are fed with a concentrated 
and easily assimilated food in the form of mycelial spherules, and that these 
constitute the permanent food of the sexual fonns, whereas the larva* of 
the workers and soldiers are not fed with these after reaching a certain age 
but with other substances [dead wood] instead. This suggests the further 
inference that this food may play an important role in the differentiation 
of the castes of Term^s ohscurireps Wasmann.” 

Dofiein found that when the fungus garden of this insect is placed in 
the light under a bell-jar to ])rotect it from eva[)oration “the termite fungus 
can easily be induced to fructify, a t)eculiarity in which it differs from the 
fungus cultivated by the South American leaf-cutting ants. In the course 
of a few days numerous long, club-sha[H*d fruiting organs grow up out of 
the dense mass of hypha*, which has developed in the meantime. As time 
goes on these club-shaixd bodies develop pilei, which, as Mr. Green of Pera- 
denyia informs me, are now known to be those of an Agaricus^ a fact which 
is also indicated by my own observations. AVhile the fungus is growing up 
freely in this manner, one is surprised to find alien fungi gradually making 
their appearance in the garden, and other objects in the neighborhood taking 
on the usual mouldiness. The tendency of the termite fungus to grow as a 
pure culture must therefore be very great. This is the case even when very 
few termites are present. Hence the purity of the culture cannot be ascribed 
to a ceaseless weeding process carried on by the termite workers, like that 
assumed by Moeller in the case of the South American Attas^ 

When the garden is left under the bell-jar the under surface of the latter 
soon becomes wet, showing that the fungus gives off a great deal of water. 
In a day or two the termites Ijecome suffocated, although masses of these 
insects hermetically sealed between pairs of watch glas.ses manage to live in 
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perfect condition. On raising the bell-jar a peculiar odor is noticeable, 
which Doflein believes to be a gas fatal to the insects. In^the wild nests this 
gas must be carried off by the chimneys which thus act as ventilating shafts. 

All of the foregoing observations relate to Old World Termites. One 
is naturally led to inquire whether any of the American species raise mush¬ 
rooms. Haviland was of the opinion that certain of the South American 
forms such as 7\ dims arc “almost certainly fungas growers.'' The only 
observations I have found on the habits of this species are contained in 
Silvestri's work (1003). He says: “I have seen in the galleries (Fig. 298) 
pieces of grass 10 min. long, of leaves 6-10 mm. long and twigs 30 mm. long 
and 2 mm. in diameter. I have found such materials accumulated in small 
quantities at various points in the galleries, but I believe that they are not 
utilized in this form but arc brought together in some more subterranean 
portion of the nest for the development of a fungus on the mycelium of which 
the termites feed." He found similar vegetable fragments in the nests of 
T. grand is and molcsius. Of the latter sjx^cies he says: “I was unable to 
reach the center of the nest, but I succeeded in finding small masses of grass 
with the mycelium alrt^ady developed." From these, which he figures, he 
concludes that the species grows fungi. But these observations are by no 
means conclusive as is e\ident from a comparison with the above cited 
observations on the Old World species. These do not raise fungi on pieces 
of deacl leaves, twigs, etc., but on finely comminuted particles voided from 
the alimentan* canal and built ii[) in the form of a sponge. Moreover the 
tempomiy’ stores of leaves, etc. which aix* brought into the nests as food may 
easily mould when left in the moist galleries. We may conclude therefore 
that there is really nothing in Silvestri's observations to prove that any of 
the South American termites eat and grow fungi. 

The most important study of the fungus-growing tennites has been 
recently contributed by Fetch (ItMXi). Unfoilunately I could not consult 
this work till after the present article had gone to press, so that I am unable 
to review it at length. Fetch carefully investigated the habits and fungus 
gardens of the (Vylonese Trrmes obscuriceps Wasm. and T, redemanni 
Wasm. In several }miliculars his account differs from those of Holtermann 
and Doflein. I quote from the suniman^ of his beautifully illustrated paper 
the passages relating to the fungi for the purj)ose of sho\sdng how complex 
and difficult are the problems with which the mycologist is confronted in 
any critical study of the fungus-growing insects. After describing the 
sponge-like combs in the chambers of the nest, he says:‘ 

“The mycelium on the comb bears small white, stalked or almost sessile 

» In the quotation I have omitted the numerals belonging to the paragraphs and have 
run the latter together. 
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^spheres/ These consist of branching hypha? bearing either spherical or 
oval cells. The spherical (‘ells do not germinate. Tlie oval cells germinate 
readily, but it has iii^t been possible to reproduce the * spheres’ from them. 
When the comb is old an agaric grows from it. This agaric appears in two 
forms, one of which has been assigned by various mycologists to Lentinus, 
Colhfhia, Plutrus^ Pholiofa and Flammula, and the other to ArmiUaria. It 
develops in a (‘artilaginoiis, almost gelatinous, universal veil and is a modified 
Volvaria, Sclcrenchymatous cells cxrur at the base of the agaric stalk and 
in aborted agaries. It has not been possible to g(^rminate the spores of the 
agarie or to grow the sphere-producing inycelinm from its tissues. When 
the comb is enclosed in a bell jar, Xjihria stromata are produced. Scle- 
rotia may also be formed: the same stromata grow from these. This 
Xylaria is probaldv X, niyripes. The shape of the stroma and eonidio- 
phorc depend on th(‘ age of, and amount of moisture in, the comb. When 
sown on agar the s]K)rcs of tlu'se reproduce*tlie Xylaria stromata. Th(\se 
stromata occur most abundantly in combs which have produ(*ed an agaric. 
After continued rain Xylaria viyriprs grows from desc‘rted termite nests. 
Other fungi which grow on combs removed from the nest include Mnror, 
Thamnidiam, Ccphalosparium, Peziza. As thes(‘ arc not found in the nest 
though som(' of them are callable of d<‘Velopnu‘nt under ground, it is jjrob- 
able that the termites Svcvd out* foreign fungi from the cultivation of the 
comb. The comb material is probably sterilized ))y its p.issage through th(3 
alimentary canal. That the ^sph(‘^i‘s* form the food of the termit(\s is 
probable, as in th(' (*ase of the leaf-cutting ants: lU'itlicT case can be con¬ 
sidered definitely ])roved. Tenues redemanni and T. ohsrurieeps undoubt¬ 
edly prefer fungi, or wood which has lK*en attacked by fungi. Wh(‘ther a 
differen(*e in food causes the differentiation of tennites into workers, 
soldiers, and sexed insects, is not dccidt‘d. X (\*ylon agaric, Ent(domn 
microcarpvm, possesses a myc'clium composed of spluTcs of swollen (‘<dls: 
the details of tht'se spheres resemble the parts of th(‘ termite spheres, but 
are not so highly dc'velojied. It is most probabh* that tin* ‘spht*res’ in the 
termite comb and the ‘Kohlrabihaufchen* of the leaf-cutting ants iim\sti- 
gated by Mceller arc jiarts of a normal myetdium, and that their shape is 
modified by the insects only in a very slight d(‘gree, if at all. llie available 
evidence appears to show that the ‘spheres’ are part of the mycelium of the 
Volvaritty but it has not b(*en possibh'to connect these forms experimentally.” 

A review covering some* other features of IVtch’s work has just been published 
by Harris in the American Naturalist (1907). 

The foregoing ac(*ounts from several observers show that the fungus¬ 
growing termites differ ^rom the Attiine ants in several important particulars. 
In the first place the t('rmites use their o^um excrement as a substratum, 
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moulding it into the form of a sponge containing numerous habitable cham¬ 
bers and galleries. This substance is, of course, much harder and more 
compact than the comminuted leaves, etc., employed by the Attii. Second, 
the fungus grown on this substratum forms bromatia (the spherules or oidial 
heads) of a verj^ different type from those found in the gardens of the Attii, 
And third, the termites that are in the habit of growing fungi are not exclu¬ 
sively myeetophagous like the Attii, but subsist also and probably very 
largely on dead wood, twigs and leaves. If it be true as Holtermann and 
Doflein believe, that the tennites are not instrumental in maintaining the 
purity of the fungus culture, we should have another striking difference, but 
it is quite conceivable that both in the tennites and the ants some effluvije 
emanating from the myriads of insect bodies may be responsible not only 
for tlie suppression of alien fungi but also for the aberrant gro^^th of the 
food-plant. 

I have already called attention to the fact that Holtermann cannot be 
said to have demonstrated that the Aejariem rajap is the fruiting form of the 
fungus which grows in the gardens as a mycelium with oidial spherules. 
And Doflein’s and IVich’s observations are oj^en to similar doubts. Not 
only is there no satisfactory proof that the termite fungus is a basidiomycete, 
but the same is true also of Madler’s statement that the South American AUw 
cultivate the mycelium of a fungus (liozlfrs gongylophora) belonging to the 
same group. A careful perusal of M(xdlcr s observations shows an important 
lacuna at this point. That his Aff(r ate portions of the pileus and stem of the 
Rozites docs not prove' tliat it is the fruiting fonn belonging to the fungus they 
habitually cultivate and cat. Nor is Mceller on much surer gmund when he 
assumes that the mycclia cultivated by ilifferent genera of Attii belong to 
different spt»cie.s of fungi, for it is v(Ty pn)bable that the ants of one species 
would avoid fungus taken from the nest of another on account of the alien 
nest-auni. Ceilainly, to the human olfactories the fungus gardens of Afta 
texana have a very striking odor which is altogether lacking in the gardens of 
Traehymyrmex, and it would be strange if these differences did not affect 
the appetites of such sensitive insects as the ants. In my opinion, it is not 
improbable that the fungi cultivated both by the termites an«l ants may be 
more closely related to the moulds (Ascomyi'ctes) than to the mushmoms 
(Basidioinycetes). Moeller does in fact, call attention to certain ascoinycete 
peculiarities in the mycelium cultivated by Acromyrm^x dtscigera. This is 
a matter, hotvever, to be settled by the mycologist, and I merely call attention 
to it in this connection, because Moeller’s somewhat guarded statements 
have assumed an unduly positive form in the wTitings of subsequent reviewers 
of his w^ork. 
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2. The Ambrosia Beetles. 

The beetles of the family Seol^'tidfip may be divided into two groups 
exhibiting very different ethologieal peculiarities: the bark-borers, which 
excavate and inhabit tubular galleries between the bark and the splint and 
eat the substance of the tree, and the wood-l)orers, or ambrosia beetles, 
which extend their galleries into the wood and subsist on delicate fungi 
growing on their walls. All Scol}iida' are of small size and dark color, 
with cylindrical bodies and short legs adapted to the shape and size of their 
galleries (PI. LII, Figs. 62 and 63), but the mouth-parts differ in the two 
groups; the bark-beetles having strong maxilla; armed with 12-20 spine¬ 
like teeth in ada])tation to their hard food, whereas tlu' fungus-eating wood- 
borers hav(‘ wreak maxilla* with 30-40 flexuous bristles, l^nlike the Attii 
and fungus-growing termites, the wood-bortTs are not (‘oiifinod to the troj)ics 
or to a single hemisphere, but are cosmopolitan in their distribution and 
w'ell re])resented even in the noith temperate zone. 4iie species hav(‘ Ix-en 
assigned to a number of genem {Platypus, Gnatliotrirhus, Tryixxleudrou, 
XyletK)rus, XyloUrus, Corthylus and Pterocyehm [Monarthnm]). As these 
insects are very destructive to wood, they are wvll known to economic ento¬ 
mologists, who have described their habits in journals or text-books devoted 
to forestry. The remarkable habits have thcnforc been litth' noticed by 
entomologists interested in general biological (|uestions. 

There has beem considerable difference of opinion in regard to the feed¬ 
ing habits of the ambrosia beetles since the time of Schinidborger (1S36) 
who believed that Xylelxirus dispar Fabr. fed on the sap exuding into its 
burrows from the surrouiuling wcmmI. The mother beetle was supposed 
to mould this sa}) into a coagulated, albuminoid mass and to feed it to her 
young. This substance SchmidlxTgcr called “ambrosia.” Various con¬ 
jectures concerning its nature were expressed by llatz(‘burg (1H39-1S44), 
Alturn (1872-1875), and Eichhoff (1881). In 1844 Hartig discovered a 
fungus in the galleries of Xylehorus dispar and (U‘scribed it as Monilia carulida. 
Several years later (lS72a, 1872/>) he described similar (*onditions in Xylo^ 
terns hneatii.H Oliv., which lives only in conifers, and A", doniesticus L., 
which is confined to deciduous trees. In 1895 Goethe publLshed a good 
description and figure of the fungus of A’', dispar. At about this time 
Hubbard took u]) the study of the North American ambrosia beetles and 
published most interesting accounts of their habits (1897a, 1897t). Hop¬ 
kins, too, w ho has given special attention to our Scoljlidfe, has published a 
number of valuable observations (1898-1904^), and Hedga)ck (1906) has 
made some important observations on the fungi. In the followdng para- 
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graphs I shall confine myself to an account of the investigations of these 
three authors. 

The ambrosia beetles resemble the ants and termites and differ from 
other Coleoptera in living in societies and in caring for and feeding their 
lan^fp. The arrangement of the galleries, which have walls stained dark 
by the fungus, diff(^rs in different species. Those of Xylehorus celsu.^ Eichh., 
living in the hickor\% are shown in PI. LII, Fig. G4, taken from Hopkins 
(1904). The galleries ramify into the sapwood from a single entrance 
gallery that opens on the bark. These perforations do not necessarily kill 
the trt'e, but they sjK)il the wood for many commercial purposes. When 
made in young growing trees they may Ije overgrown by succeeding layers 
of wcK)d. Hopkins (11K)3) has given an interesting account of this condi¬ 
tion in trees infested with the (\duinbian timber-l)eetle {Corthylm cejum- 
hlanKs Hopkias). This beetle which is responsible for losses to the lumber 
interests of North America ‘^amounting to millions of dollars, attacks the 
sap-wood of the young, living, healthy tree, in which the adults excavate 
their brood galleries and deposit their eggs. These hatch and develop 
into beetles and emerge within one year. The next year the operation is 
re*peated in another [>lace in the same tree, and so on for hundreds of years, 
or as long us the tree lives, so that the galleries excavated in different years 
and periods occupy their respective positions in the heartwood and sapwood 
of the full-grown and old tree. Nearly all the damage by this insect, as 
affc'cting the best part of the trees, was done 50, 100, 2(K)or in some eases, 
as noted in an old tulip tree, over 400 years ago. The age of each galler}" 
observed in the end of the log is easily determined by counting the numljer 
of annual layers of Avood between the old healed-over entrance to the galleries 
and the bark. AVithin rec<'nt years, examples of the species which do this 
work have been exceedingly scar<*e; consequently but little evidence of its 
work i-an now be found in the sapwood and outer heartwood of living trees. 
Tht*refore then) is no rtmiedy for the old work and probably no iuhhI of 
trying to combat an insect which is apparently becoming extinct.^* 

Hubbard’s general account (lS97a) of the fungus growing habits of the 
ambrosia Ix^etles is worth quoting hi extenso, as it is one of the most impor¬ 
tant of recent contributions to the study of insect ethology: “A small frag¬ 
ment of ambrosia taken from the gallery of any species of these timber 
l)eetles, if f)laced on a glass slide, with a drop of water or glycerine and 
examined with an objective of moderate power, is plainly seen to a fungus. 
It will Ihj found, however, that the different kinds of ambrosia fungi are con¬ 
nected with certain species of the beetles irrespective of the sort of timl^er 
in which the galWies are constructed. So far as w^e yet know’ the food of 
each species of ambrosia beetles is limited to a certain kind of ambmsia, 
and only the most closely related sjweies have the same food fungus. 
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“Two principal types exist among the varied forms of these minute 
fungi: (1) Those with erect stems, having at the termination of the stems, 
or their branches swollen cells (conidia) [PI. LII, Fig, 65]. (2) Those 

which form tangled chains of cells resembling the piled-uj) beads of a broken 
necklace. The erect or stylate forms are found among those species of the 
beetles whose larva* live* free in the galleries (Platypus and Xyleljorus). The 
bead-like or rnoniliform kinds apj)car to be peculiar to the species whose 
larva* are rt*arcd in separate cells or cradles (Corihylus, Monarthrnm, etc.). 

“All the growing parts of the fungus arc extremely succulent and ten<lcr. 
The conidia especially ai'e always pcllucitl, and glisten like drops of dew. 
When the plant is in active growth, conidia are produced in the* greatest 
abundance, growing sometimes singly, at the end of short straight stems, 
sometimes in grape-like clusters among interlacing branches. At such 
periods the fungus ap]K‘iirs u]>on the walls of the galleries like a coating 
of hoarirost. The young larva* nip off these t(‘nder tips as calves crop the 
heads of clover, but the older larva* and the adult beetles (‘at the whole siruc- 
turc down to the base, from which it .soon springs u{> afresh, apj)(‘aring in 
little white tcsselations uj)<)n th(‘ walls. 

“The growth of ambrosia may in fact be coinpar(‘d to asparagus, which 
remains succulent and edible only when continually cropped, but if allowed 
to go to seed is no longi*r useful as food. In like manner the ambrosia fungus 
must be constantly k(*])t in fresh growth, otherwise it ripens; its cells burst 
and dischargv* the* ])rotoj)lasmic granules which th(‘y <‘ontain in myriads, 
and the entire plant disa])j)ears as if overwhelmed by a ferment. 

“Various disturbance's of the conditions ne(‘cssary to its grow’th arc a})t 
to promote the ripening of the fungus, and this is a danger to wdiich cv(*rv 
colony of ambrosia b(‘etles is ex])osed. If througli any casualty the natural 
increase of a populous colony is clH‘cked, there results at once an overpro¬ 
duction of the ambrosia. It accumulates, ripens, and discharge's its spoTvs, 
choking the galleries and often suffocating the remaining inhabitants in 
their own food material. The .same iv.sults may som(‘tim<‘s be brought 
about by closing the outlets of the galleries through the bark, or by spraying 
into them kerosene or souk* other noxiou.s li(]uid. The inmatc\s of the 
colony are thereby thrown into a panic, the lK*etles rush hither and thither 
through the galleries, trampling upon and crushing young larva* and eggs, 
breaking down the delicate lining of ambrosia on the walls of the bmod 
chambers and ]>uddling it into a kind of a slush, wdiich is f)iishcd along and 
accumulated in tlu* f)assage w’ays, completely sto[)ping them in places. 
The breaking dowm of the food fungus follow’s and in a few* day.s the galleries 
are filled with a paste-like mass of granules or spores, or w’ith threads of 
mycelium, in which the living insects are suffocated and destroyed. 
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‘'The ambrosia does not make its appearance by accident or at random 
in the galleries of the beetles. Its origin is entirely under the control of the 
insect. It is started by the mother bt^etle upon a carefully packed bed or 
layer of chips, somctim(‘s near the entrance, in the bark, but generally at the 
end of a branch gallery in the wood. In some species the ambrosia is grown 
only in certain brood chambers of peculiar construction. In others it is 
propagated in beds, near the cradles of the larvae. The excrement of the 
larva* is used in some and probably in all species to form new beds or layers 
for the propagation of the fungus. 

‘Tt is not alone, however, the excreta of the living beetles or their young 
that is required for the development of ambrosia; there must be present a 
certain amount of moisture or sap, and the sap in most species must be in a 
condition of fermentation. Certain ambrosia beetles, as for example the 
species of (^ortliijlus^ seem not to m^ed fermentation in the propagation of 
their fungus; tludr galleries are constructed in the sap-wood of vigorous 
[)lants. The great majority of the s|x*cies, however, attack the wood of such 
trees only as are moribund; in which the natural circulation of the sap has 
ceased, and fermentation has !)egim. Some of the number are also able 
to produce their food fungus in wood which is saturated with a vinous or 
alcoholic ferment, and they attack wine and ale casks, perforating the 
staves with their galleries and causing serious loss by leakage. 

“Th(‘ precarious conditions under which their food is produced limit 
th(' life of a colony of ambrosia eaters in most cases to a single generation. 

“Fnder favorable <*onditions, and in large tree trunks, colonies may 
continue their excavations during two or three generations before the failure 
of the sap or change in its condition puts an end to their existence and 
forces the adult beetles to seek new quarters. 

“When their galleries are <listurbed and opened to daylight, the adult 
l)eetles generally fall to eating th(*ir ambrosia as rapidly as possible. Like 
other social insects they show their concern at the threatened loss of their 
most pn*cious poss(*ssion and try to save it, just as bees, when alarmed, fill 
themselves with honey. 

“As its lioney is to the bee, so to the ambrosia-feeding beetle its food 
fungus is the material the propagation and pi'eserv’ation of which is the 
chief concern of its life. Its solicitude concerning it is not surprising when 
one considers the herculean labors which it undergoes in the effort to pro¬ 
duce it, the frequent failures, and the difficulties and uncertainties that at all 
times attend its preser\'ation in the vegetative form, in which alone it (an 
serve the insect as food.^' 

The life-histories of the ambrosia beetles described and copiously illus¬ 
trated by Hubbard suggest a wide range of habits within the group. The 
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genus Platypus^ though best represented in the tropics, contains several of 
the largest and most destructive species in the United States. ‘‘They are 
powerful excavators, generally selecting the trunks of large trees and driv¬ 
ing their galleries deep into the heart-wood. They do not attack healthy 
trees but are attracted only by the fermenting of the sap of dying or very 
badly injured trees. The death rattle is not more ominous of dissolution 
in animals than the presence of these bt'etles in standing timber.., .The 
female is frequently accompanied by several males and as they are savage 
fighters, fierce sexual contests take place, as a result of which the galleries 
are often strewn with the fragments of the vanquished. The projecting 
spines at the end of the wing-cases are ver}^ effective weapons in these fights. 
With their aid a beetle attacked in the rear can make a good defense and fre¬ 
quently by a lucky stroke is able to di.slocate the outstretched neck of his 
enemy. The females produce from 100 to 200 elongate-oval pearl-white 
eggs, which they deposit, in clusters of 10 or 12, loosely in the galleries. 
The young require five or six weeks for their develoj)ment. They wander 
about in the passages and feed in company upon the ambrosia which grows 
here and there upon the walls... .The older larvte assist in excavating the 
galleries, but they do not eat or swallow the wood. The larvte of all ages 
are surprisingly alert, active and intelligent. They exhibit curiosity equally 
with the adults, or show^ evident regard for the eggs and very tender young, 
which are scattered at random about the passages, and might easily be 
destroyed by them in their movements. If throwm into a panic the young 
larvae scurry away with an undulator}" movement of their bodies, but the 
older larvae will frequently stop at the nearest intersecting passage and 
show fight to cover their retreat.’^ The ambrosia of P. compositus Say 
consists of hemispherical conidia growing in clusters on branching stems. 
The long continued growth of this fungus blackens the w'alls of the older 
galleries. 

Xylehorus saxeseni Ratzb., instead of producing ramifying galleries, 
excavates in hardwood trees (oak, hickory, beech, maple) a flat, leaf-shaped 
brood chamber connected with the surface of the bark by one or a few 
tubular galleries. The chamlxT “stands vertically on edge, parallel with 
the grain of the wwd. The s|}ace between the walls is not much greater 
than the thickness of the bodies of the adult beetles. The larvse of all ages 
are able to cling to the vertical walls, and to progress over them by an adapta¬ 
tion of the end of the body which aids them in progression. The entire 
surfaces of the walls in the brood chamber are plastered over with ambrosia 
fungus. It consists of short erect stems, terminating in spherical conidia. 
The freshly growm fungus is as colorless as crystal, but it is usually more 
^or less stained with greenish yellow, and sometimes resembles a coating 
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of sublimed sulphur. The brood chamber is packed at times with eggs, 
larvffi, pup® and adults in all stages of maturity. The larv® aid in extend¬ 
ing the brood chamber. They swallow the wood which they remove with 
their jaws, and in passing through their bodies it becomes stained a mustard- 
yellow color. Great quantities of this excrement are ejected from the open¬ 
ings of the colony, but a portion is retained and plastered upon the walls, 
where it serves as a bed upon which there springs up a new crop of the food 
fungus. In populous colonies it is not unusual to find the remains of individ¬ 
uals which have died packed away in a deep recess of the brood chamber 
and carefully inclosed with a wall of chips.’’ Hubbard found one of these 
catacombs containing “the multilated bodies of a dozen or more larvse 
and immature imagoes, together with the fragments of a predatoiy beetle, 
Colydiiim lineola Say.” In a short branch gallery of the same chamber he 
also found the lifeless body of the mother of the colony carefully sealed up 
by the surviving insects. 

In the species of Pterocyclon, Xyhberue and Gnathotrichus the young are 
reared in cradles, or short diverticula of the main galleries, and fed by the 
mother beetles. In species of Ptercychn (mali Fitch and fasciatum Say) 
“the sexes are alike, and the males assist the females in forming new colonies. 
The young are raised in separate pits or cradles which they never leave until 
they reach the adult stage. The galleries, constructed by the mature 
female beetles, extend rather deeply into the wood, with tlieir branches 
mostly in a horizontal plane. The mother beetle deposits her eggs singly 
in circular pits which she excavates in the galleiy in two opposite series, 
parallel with the grain of the wood. The eggs are loosely packed in the 
j>its with chips and material taken from the fungus bed which she has pre¬ 
viously prepared in the vicinity and upon which the ambrosia has begun to 
grow. The young larv®, as soon as they hatch out, eat the fungus from these 
chips and eject the refuse from their cradles. At first they lie curled up in 
the pit made by the mother, but as they grow larger, with their own jaws 
they deepen their cradles, until, at full growth, they slightly exceed the 
length of the larv® when fully extended. The larv® swallow the wood 
which they excavate, but do not digest it. It passes through the intestines 
unchanged in cellular texture, but cemented by the excrement into pellets 
and stained a yellowish color. The pellets of excrement are not allowed 
by the larv® to accumulate in their cradles, but are frequently ejected by 
them and are removed and cast out of the mouth of the borings by the 
mother beetle. A portion of the excrement is evidently utilized to form tlit 
fungus bed. The mother beetle is constantly in attendance upon her young 
during the period of their development, and guards them with jealous care. 
The mouth of each cradle is closed with a plug of the food fungus, and as 
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fast as this is consumed it is renewed with fresh material. The larvee from 
time to time perforate this plug and clean out their cells, pushing out the 
pellets of excrement through the opening. This debris is promptly removed 
by the mother and the opening again sealed with ambrosia. The young 
transform to perfect beetles before leaving their cradles and emerging into 
the galleries.’* The ambrosia of Pierocyclon “is monilifonn and resembles 
a mass of pearly beads. In its incipient stages a fonnative stem is seen, 
which has short joints that become globular conidia and break apart. Short 
chains of cells, sometimes showing branches, may often be separated from 
the mass. The base of the fungus mass is stained with a tinge of green, 
but the stain on the wood is almost black.” 

In Xyhieriis rehmis I^'c., which lives in the broad-toothed aspen {Popu- 
Jus grandidentata) of the northern States, and is the largest of our ambrosia 
beetles, still other peculiarities are observable. “Several pairs of the beetle 
unite in colonies having a single entrance, but each family occupies its own 
quarters, consisting of one or two branch galleries. The galleries do riot 
penetrate deeply into the heart-wood. Each female attends her own brood, 
which arc raised in cradles extending upward and downward at right angles 
to the main passage-way. She feeds the young with a yellowish ambrosia 
grown in beds in the neighborhood of the cnidles. The mouth of each cradle 
is constantly kept filled with a plug of the food fungus. The ambrosia 
consists of oval cells which form upright sticks resembling some forms of 
styliform ambrosia, but they do not branch and are capable of being broken 
up into beadlike masses without losing their vegetative powers. Although 
the color of the fungus is yellowish, the galleries are stained intensely black.” 

The foregoing account of the ambrosia beetles suggests a number of 
intricate and important problems for future investigation. That these 
insects have developed unusually advanced social habits for Coleoptera is 
certain. It is also evident that the fungi which they cultivate are not basi- 
diomycetes but chromatogenic or wood-staining ascomycetes. Hedgcock 
(1906) who has recently studied these fungi, describes a number of species 
referable to the genera CeraiosfomeJla (w'ood-bluing), Graphinni, Hormoden- 
dron, Hormiscivm (wood blackening and wood-browning), Penicillium and 
Fusarium (wood-reddening). Cultures of one of the s[3ecies (Graphium 
ambrosHgerum Hedge.) were made from material taken from the burrows 
of ambrosia beetles in the wood of Pinus arizonica Eng. The mycelium 
w^as seen to develop stromata w ith heads, and both primary and secondary 
conidia, but the author records no oteervations on the relations of the 
beetle to the fungus or the modifications produced in the food plant when in 
the presence of the insect. From some investigations now in progress at 
the Royal School of Forostr)^ at Tharandt, Saxony, and communicated to 



1007 .] 


Wheeler, FunguS’^rowitig Ants of North America. 


793 


me bj^ Professors K. Eschcrich and F. W. Neger it would seem that in the 
case of the ambrosia beetle Trypodendron lineatus the fungus is found only 
in the mycelial and conidial stages when the insects are present, but that 
when these have been removed stromata with globular or flattened heads, 
similar to those figured by Hedgcock for Graphhim atrovirens and ambrosii- 
geriim, are produced on the walls of the galleries. 

The constant association of certain species of ambrosia beetles with 
certain species of fungi, iri’espective of the kind of wood on which they 
grow, indicates that the mother beetles must be instrumental in transferring 
the plant from colony to colony and from tree to tree in some manner analo¬ 
gous to the fungus transfer of the Atia queen when establishing her for¬ 
micary. Hedgcock seems to have found evidence of some such transference 
of Ceraiosfomella conidia. He says: “lliese are readily disseminated by 
the wind and are probably carried by insects which penetrate the w^ood 
and bark of trees, like most of the ambrosia and bark beetles. At the stage 
in which the conidia form a mucilaginous mass, they adhere readily to any 
insect that may pass over them. In the laboratory^ a number of species of 
mites which feed on fungi carried spores on their bodies from colony to colony 
in an agar plate to a sterile portion of the surface of the medium and started 
new colonics of the fungus. Bark beetles were placed in a dish with the 
conidial stage of CeraiosUmeUa and after allowing them to remain a short 
time wei’e transferre<l to sterile agar plates which were inoculated wdth spores 
from the insects. It is probable that some species of insects feed on the 
conidial stage of CerntosUmella, especially one or more species of ambrosia 
beetles and a number of mites infesting their channels in the wood; but 
j)rt)of is yet lacking on this point. The constant occurrence of this fungus 
in the channels of a number of wood boring beetles indicates that the co¬ 
nidia or the ascospores must be carried in some manner by these insects.’* 

Interesting as are the obsers’ations on the fungicolous ants, termites and 
beetles collated in the preceding pages, we must admit that they are still frag¬ 
mentary and l(*ave many fundamental questions unanswered. It will be 
seen that our knowledge of the fungi cultivated by all three of these insect 
groups is very unsatisfactory' and that many more investigations must be 
undertaken before we shall bo able to determine the prt'cise taxonomic 
affinities of the plants and to estimate the extent of the modifications induced 
in their growth by the symbiotic insects. Equally fragmentary' is our knowl¬ 
edge of the phylogenetic origin and development of the fungus-grow’ing 
habit. Indeed, this problem in the termites and ambrosia beetles has 
scarcely been recognized a yet. The views that have been entertained in 
regard to the phylogeny of the Attii and their habits are perhaps, of suffioient 
interest to command attention till further observations are forthcoming. 
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3. The Phytogeny of the Attii and of the Fungus-growing Habit 

The Attii belong to a complex of Myrmiciiie genera once grouped to¬ 
gether as Cryptocerides on account of their superficial resemblance to the 
ants of the genus Cryptocerus. Forel in 1892 was the first to split up this 
artificial group. He divided the genera into four tribes, the first including 
the Attini, the second the Dacetonini, again divisible into three subgroups: 
a, StrumigenySf Orectognathus, EpUritus and possibly Hypopemyrmex] 
by Daceton and AcantlwgnathuSj and c, Rhopalofhrix, Ceratohasis and 
Cataulacus, To a third tribe he assigned Meranoplus and Calyptomyrmex, 
which were recognized as having affinities with the Tetramorii, and to a 
fourth tribe he assigned Cryptocerus and Procryptocerus. In 1893 he said: 
“Taxonomy has proved to me that the Attini are intimately related to the 
Dacetonini (StrumigenySy etc.) and has led me to suppose that the Attini 
are of secondary derivation. This is all the more probable, because they are 
confined to the American continent, whereas the Dacetonini are distributed 
over the whole world, even to New Zealand. 

Emeiy, writing in the same year (1893), expresses himself somewhat 
more explicitly. “ If we separate from the ensemble of the ancient Crypto¬ 
cerides, on the one hand Cryptocerus and Procryptocerus (group Cryptocerini), 
on the other hand Cataulacus (forming by itself a distinct group), and if 
furthermore, Meranoplus and Calyptomyrmex be attached to Tetramorium 
and its allies, all that remains of M. Forers Attini may be divided into two 
groups according to the venation of the wings. In the genera Atta, Seri- 
eomyrmeXy Cyphmnynnex, Glyptomyrmex [Myrmicocrypta]^ Apterostigma, 
the radial cell is closed and there is no trace of a discal cell nor of a recurrent 
nervure, the trunk of the cubital nervure being straight or feebly sinuous. 
In the genera Rhopalathrix, Strumigenys and Epitritus the radial cell is 
open; in the female Rhopahthrix petiolaia Mayr I find a vestige of a recur¬ 
rent nervure, and in the male Strumigenys imitator Mayr the trunk of the 
cubital vein is strongly arcuate behind at the base, indicating the point of 
insertion of a recurrent nervure that has disappeared. According to Smith’s 
figures, Daceton, which has a discal cell, belongs to this latter group; 
probably the same is true of Acanthognaihus, Ceratohasis and Orectognathus, 
whose wings are still unknown. The former of these two groups, which we 
may call the Attini genuini is exclusively American, whereas the latter, 
which may bear the name Dacetini, is represented in all the zoological regions 
except the Ethiopian. These two groups are, however, very closely allied, 
and the fossil genus Hypopomyrmex, which undoubtedly approaches the 
ancestors of Strumigenys very closely, has a discal and a closed radial 
cell. The closed radial cell is an archaic character and is found only in a 
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few Mynnicine genera, such as Cryptocems, Atopomyrmex, Mymiecina, 
Pkeidx)U)geton, A^romyrma, Carebam, Lophomyrmex and certain species 
of Tetramorium. In my opinion no great taxonomic importance is to be 
attached to this character; nevertheless its constant occurrence in the true 
Attini must be taken into consideration.” 

In a later paper (1895) Emery groups the genera above mentioned as 
follows: 

Tribe Dacetii: Daceton^ Acanthognathiis, OrectognathiLs, Strumigenys^ 
EpitfitiLS, Rhopalothrix, Ceratobasis, 

Tribe Attii: embracing besides the genera and subgenera enumerated 
in the introduction to this paper, Wasmannia and possibly also Ochetomyr- 
mex. 

Tribe Ciy'^ptocerii: Procryptocenis and Cryptocerue. 

Tribe. Cataulacii: Caiaulacus. 

Emery is apparently of the opinion that the Attii are related to the 
Tetramorii through such intermediate genera as Wasmannia and Ocheto- 
myrmex, whereas Forel is inclined to seek their origin among the Dacetonii 
through such a series of genera as Cyphomyrmex, Rhopalothrix and Strumi- 
genys. Morphological considerations may be adduced in support of either 
of these contentions. The question then naturally arises as to whether there 
are in the Dacetonii or Tetramorii any ethological ))eculiarities which by 
further development could lead to the highly specialized fungus-growing 
habits of the Attii. 

Forel (1902) regards Cyphomyrmex as the most primitive genus of Attii 
and believes that some of the species do not raise fungi, whereas the others 
make very im}>erfcct gardens on insect excrement. These ants would thus 
be transitional in their habits to the Dacetonii, many of which also live in 
damp places in rotten wood, where fungi grow in abundance and where 
there is plenty of insect excrement that might gradually come to be em¬ 
ployed as a substratum. In an earlier paper (1893) Forel quotes in support 
of his view an observation of H. Smith on the West Indian Stmmigenys 
smithi Forel, a species which nests in rotten wcx)d. Smith says that "'the 
cavities in which these ants are found are always black inside, as if with some 
fungoid growth.” Forel infers from this that some species of Sfrumigenys 
cultivate fungi. It seems to me, however, that his view evaporates into a 
mere hypothesis when the facts arc more closely scrutinized. In the first 
place, there is no known species of Cyphomyrmex^ nor in fact any Attijne 
ant, w’hich does not cultivate fungi. I have shoum in the third part of the 
present paper that statements to the contrary in regard to C. rimosus are 
false and due to superficial observations. In the second place, there is not 
a particle of evidence to prove that the Dacetonii cultivate fungi. The 
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species discovered bv Smith may have been nesting in the abandoned fungiis- 
stained galleries of ambrosia beetles, or the dark color of the walls may 
have been due to other causes. I may say also that in no colonies of the 
various species of Strum icfcnys which I have found in the United States and 
West Indies were there any traces of fungi. These ants live in rather small 
communities under stones or in rotten wood and feed on insects. Many of 
our species live as thief ants, after the manner of Solenopsis moksta Say, 
in the nests of larger ants. Rhopalothrix seems to have similar habits, to 
judge from some field notes accompanying a colony of an imdescribed species 
taken, with all its larva? and pupje, under a stone in Jamaica. 

Forel’s view, however, contains an interesting suggestion, for the nature 
of the substratum on which the fungi arc grown may be supposed to throw 
some light on the origin of the habit under discussion. In all the fungicolous 
insects there is an unmistakable tendency to employ vegetable substances 
that have passed through the alimentary tmet of insects. This is the case in 
all fungus-growing termites, and in the ambrosia beetles. Among the Attii, 
as I have shown, this tendt nev is apparent in nearly all the species that have 
been closely observed. Though most pronounced in the lower genera and 
subgenera {Cyphomijrwex, Apierosliyma^ Mifcocvpurus, Trackymyrmex), it 
is not wholly lost even in the leaf-cutting Atfa\ and the method employed 
by the Atfa queens in manuring their incipient fungus-gardens suggests that 
the food plant may have been originally grown on fecal substances. It is 
quite possible, however, that in the Attii this habit is secondar}^ and that it 
was preceded jihylogenetioally by culture on some other substance since 
generally abandoned as less suited to the })urpose. This leads us to a con¬ 
sideration of another view on the origin of the fungus-growing habit. 

Von Ihering (1894) advances the following opinion: “We know quite 
a number of ants, like the species of Pheidolc, Poyoimmyrmex and further¬ 
more species of A phauingaster and even of Lasimf which carry in grain and 
seeds to be stored as food. Such grain carried in while still unripe, would 
necessarily mould and the ants feeding upon it wouhl eat portions of the 
fungus. In doing this they might easily come to prefer the fungi to the seeds. 
If Atfa himli still garners grass steeds and in even grt^ater than the natural 
proportion to the grass blades, this can only be regarded as a custom which 
has survived from a previous cultural .stage.’’ Thus von Ihering would 
explain the origin of fungus cultivation and the supervention of the leaf¬ 
cutting habit. 

This view, like Ford’s, is, of course, purely hypothetical. There are, 
however, a few facts which indicate that the Attii may have developed from 
grain-storing species allied to the Tetramorii {Meranoplus and Tetramorium) 
as Emeiy has suggested. That certain harvesting species form nests and 
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have many peculiarities of behavior similar to those of the smaller Attii 
is shown by Santschi\s obser^^ations on Oxyopomyrmex santschii Forel of 
the Tunisian deserts. In a letter to Forel, Santschi states that the nests of 
this ant are ‘'so characteristic that when one has once seen one of them, 
nothing is easier than to find others. I am suq^rised to find that they have 
not attrac*ted the attention of other observers. Especially remarkable is 
the tiny crater, which has the form of a cone, hardly more than 4-5 cm. in 
diameter and 2.5-3 cm. high. The circumference of its funnel-shaped top 
is 3-4 cm. across and its margin is always perfectly circular and entii*e, ex¬ 
cept in nests in process of constnu'tion, where it is at first semilunar like the 
very small nests of Memrr armor I us. At the bottom of the funnel the small 
entrance is found, 1-2 mm. in diameter, just large enough to permit one of 
the workers to pass. A single nest has rarely two entrances and two cones. 
A single perj>endicular gallery descends Mow the surface. A first chamber 
is found at a depth of 2-3 cm. It is horizontal, attaining a length of 5 cm., 
a breadth of 1 cm. and a height of 5 cm. In this first chamber the pupae 
are kept for the purpose of enjoying the warmth and here I have found a 
number of workers and winged females. Thence the gallery continues to 
descend to a depth of 15-20 cm. and finally opens into two or three chambers 
of the same dijramsioiis as the first. The.se contain pupje and an ample 
j^rovision of very small schhIs. lliis ant is therefore granivorous. I sur¬ 
prised a few of the workt‘rs entering the nest with seeds in their mandibles. 
They go out foraging singly and not in files like Missor and other genera. 
They are very .slow in their movements and are very apt to .stop motion¬ 
less at the least alarm. Day or night one or two of the workers may be 
seen on the outer surface of the crater scaretdy moving unless mole.sted, but 
when disturb(‘d they hurriedly retreat into the nest to spread the alarm. 
Their habits are rather jKK’turnal. If a light is brought near the nest when 
a worker is on the point of leaving it with a grain of .sand she hurriedly backs 
into the entrance and there stops, closing it perfectly with her burden. 
If the observer remains very (|uiet, she eventually comes forth and deposits 
her load on the sloj)e of the crater. There are scarcely more than thirty 
individuals in a nest.’^ 

Although 0,Tyop(myrmc,v has no clo.se taxonomic relations with the Attii 
or Tetramorii, but rather with members of the complex genus Sienammn, 
it closely resembles Trarhymyrmex tarrifex and Mycetosorifis hartmanni 
in the small size of its colonies, the .slowme.ss of its movement.s and the struc¬ 
ture of its nests. These resemblances are in all probability, due to convei- 
gent development. Neverthele.ss, species with habits like Oxyopomyrmex 
might conceivably become fungicolous by some such siiUstitution of instincts 
as that suggested by von Ihering. So many assumptions, however, would 
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have to be made in order to account for the delicate and intricate adaptations 
shown by existing Attii in the cultivation of their fungi, that further specu¬ 
lation seems idle till we are in possession of a greater body of careful obscrva- 
vations. 

Less hyi)othctical and worthier of confidence are the views of Forel and 
von Ihering concerning phylogenetic development within the narrow con¬ 
fines of the Attiine tribe itself. But hert% too, we must proceed with caution. 
The ants of the genera and subgenera Cyphomynnex, Myrmwocrypta, 
Sericomyrmex, Apierosfigma, Mycocepnrm and Myccfosoritls on the one 
hand, are obviously primitive*, for they fonn small colonies and have mono- 
morphic workers and proportionally small males and females. On the 
other hand, Afta s. str. Avould seem to be the most recent and highly special¬ 
ized genus of the tribe, because the colonies are very populous, the workers 
are polymorphic with marked division of labor, and the males and females 
are very large. Between these two groups, Trachymyrmex, Acromyrmex 
and MesUerius occupy an intermediate position. Madlcr and subsequent 
writers have been inclined to find a parallel development in the instincts, 
but this is not so clear as the mor|)hological sequence and relations of the 
various genera and subgenera, for we find Aiia s. str. and Acromyrmex 
building gardens on the floors of their chambers like CyphomyrmeXy w'hereas 
Apterosfigma has highly specialized gardens, suspended and enveloped in a 
mycelial web not kuow^i to occur in any other Attii. Moreover, at least one 
species of Cyphomyrmex (rimosus) and a species of Afla^ s. lat. {Mycocepurus 
smithi) cultivate a very different fungus from that known to occur in the nests 
of any other species; (\ wheeleri does not, at least as a rule, use caterpillar 
excrement as a substratum but only small plant slivers; Mycetosoritu special¬ 
izes to the extent of using only the anthers of flowers, and Sericomyrmex 
opacus has a predilection for fruit pulp. All of these species are therefore 
aberrant in their habits, though belonging to primitive genera. Moeller 
has certainly overestimated the primitive nature of the treatment bestowed 
on the fungi in the nests of Cyphmyrmex as a group, and although the 
bromatia of the ApierusHgvm gardens may be of a generalized type, this 
genus is in many other rcsj^ects more highly specialized than Aita s. str. 

Granting the cogency of these considerations, it still remains true that 
the Attii in general ])resent a series of increasingly specialized forms as we 
pass from the species of Cyphomyrmex through the subgcncra MyceiosoritUy 
TraohymyrmeXy Acromyrmex and Mosllerius to Alia s. str. in w^hich we see 
the culmination of a wonderful progress in adaptation. These insects in 
the fierce struggle for existence, everv'^where apparent in the tropics, have de- 
vcloixjd a complex of instinctive activities which enables them to draw upon an 
ever-present, inexhaustible food-supply through utilizing the foliage of plants 
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as a substratum for the cultivation of edible fungi. No wonder there¬ 
fore, that, having emancipated themselves from the precarious diet of other 
ants, which subsist on insects, the sweet exudations of plants and the excre¬ 
ment of phytophthorous Rhynchota, the Attii have become the dominant 
invertebrates of tropical America I 
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EXPLANATION OF THE PLATES. 

Plate XLIX. 

Fig. 1.— Cyphornyrmex rimoaua Spinola var. comalensia var. nov. Worker. 
Fig. 2.— Cyphornyrmex whceleri Forel. Worker. 

Fig. 3.— Atta {Trachymyrmex) turrifex Wheeler. Worker. 

Fig. 4.— Atta (Trachymyrmex) aeptentrionalis McCook. Worker. 

Fig. 5.— Atta (MoBlleriua) versicolor Pergande. Worker. 

Fig. 6.— Atta iMycetoaoritis) hartmanni nov. Worker. 

Fig. 7.— The same in profile. 

Fig. 8.— A, (A/.) hartmanni sp. nov. Male. 

Fig. 9.— Atta {Trachymyrmex) arizonensis sp. nov. Deillated female in profile. 
Fig. 10.— Head of same from above. 

Fig. 11 .— Atta texana Buckley. Soldier. 

Fig. 12.— Thorax of same in profile. 

Fig. 13.— texana. Media. 

Fig. 14.— Atta texana. Minima. 

Plate L. 

Fig. Ifi.— .4/^a (Mycoc(‘puru,s) amiihi Forel. Worker. 

P'ig. 16.— Same in profile. 

Pig. 17.— Sericomyrmex ojKtcus Mixyr. Worker. 

Pig. 18.— Myrrnicocrypta brittoni sp. nov. Worker. 

Fig. 19.— Same in profile. 

Pig. 20. —Aptcrostigma fnlosum Mayr. Worker. 

Fig. 21. A//« L. Brazil. Hyi>opygium of male. 

Fig. 22.— Atta cephalotes L, Panama. Hyjwpygium of male. 

P'ig. 23.— Atta insvlaris Ciu("*rin. C'liba. Hyjx>pygiiim of male. 

Fig. 24.— Atta texana Buckley. Texas. Hypopygium of male. 

Fig. 25. — Atta mexicana V. Smith. Mexico. Hypopygium of male. 

Pig. 26.— Atta {\fwllcrius) versicolor Pergandei. Male. Genitalia from above. 
Pig. 27.— Unusual triple ue.st-entrance of Trachymyrmex turrifex. 

Pig. 28.— Unusual double nest-entrance of Mycetosoritis hartmanni. 

Fig. 29.— Bromatia of fungus (Tyridwmyccs formicarum gen. et sp. nov.), 
cultivated and eaten by Cyphornyrmex rimosus and its various subspecies and varie- 


PlateJLI. 

Fig. 30.— Nest diagram of Myceioaoritia hartmanni (Nest X of the table on p. 
763), showing four chambers, the connecting galleries, and the pendent fungus 
gardens. 

Fig. 31.— Nest diagram of M. hartmanni (Nest T of the table on p. 763), with 
three chambers all containing fungus gardens. 

Fig. 32.— Nest diagram of M, hartmanni (Nest U of the table on p. 763), with 
three chambers. 
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Fig. 33.— Nest diagram of Trachyntyrmrx turrifex (Nest L of the diagram on 
p. 756), with five well-developed chambers and pendent fungus gardens in all but the 
first. 

Fig. 34.— Nest diagram of T. turrifex (Nest N of the table on p. 756), with four 
chambers, the lowcnuost small, recently excavated, and with an incipient garden 
suspended from rootlets. 

Fig. 35.— Nest diagram of T. turrifex (Nest C) of the table on p. 756), with four 
well-developed chambers and flourishing gardens in three of them. 

Fig. 36.— Nest diagram of T. turrifex (Nest P of the table on p. 756), with five 
chambers and poorly developed fungas gardens in three of them. This nest shows 
very clearly the suspension of the .substratum from the rootlets hanging into or 
traversing the chambers. 

Fig. 37. — Ne.st diagram of Trachymyrmex septentrionalin var. ohacurior (Ne.st C 
of the table on p. 749), coasisting of only two chambers, both containing pendent 
fungus gardens. 

Fig. 38.— Nest diagram of T. obscunor (Ne.st D of the table on p. 749), consisting 
of three chambers two of which open directly into each other. The mound of 
sand is shown in th(» typical iK).sition in front of the oblique entrance gallery. The 
first chamber contains exhausted substratum ready to he carried o\it of the ne.st. 

Plate LI I, 

Fig. 39.— Ne.st diagram of Trachymyrmex ohscurwr (Nest I of the table on p. 
749), of the raeemo.se type, with five chambers. Extending from the .single chamber 
on the right i.s an unfinished gallery. All the chambers contain well-developed 
pendent gardens excei)t the first, which is partially filled with exhausted substratum. 

I'ig. 40 — Nest diagram of T. ohfirnrwr (Nest J of the table on p. 749) of the 
racemo.se tyjie, with .sev'en chjunbers, six of which are of large size. Of the latter, 
five contain flourishing garden.s but one (to the extreme right) .seems to have been 
only recently exca\'ate(l by the ants. The crater of this nest was be.st develo|)cd 
behind the entrance. 

Fig. 41.— Nest diagram of T. ohneurior (Nest Cl of the table on p. 749) of the 
racemo.se and horizontally spreading tyi^e, with four chambers. The first chamber, 
in which the mother (pieen established her colony, had been subsequently enlarged 
by the workers. 

Fig. 42.— Nest diagram of T. ohacurior (Nest H of the table on p. 749) of the 
racemose type, with four chaml>ers. As in the preceding, the first chamber had 
been enlarged by the workers, the lowermost wa.s apparently in process of excava¬ 
tion. 

Fig. 43.— C'ells compo.sing the broinatia of Tyridiomyces formicarum, the pecu¬ 
liar fungu.s growm by Cyphomyrmxx rimoms. 

Fig. 44.— Cells coinpo.sing the broinatia of the same or an allied species of 
Tyridiomyces grown by Mycocepurus smithi var. borirupienemis. 

Plate LIII. 

Fig. 45.— Nest diagram of Trachymyrmex obscurior (Nest F of the table on p. 
749), resembling the nest.s of 7\ turrifex, with five chambers. 
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Fig. 46.— Nest diagram of Trachymyrmex turrifex (Nest R of the table on p. 
756) in pure sand, showing the elongation of the galleries. 

Fig. 46a.— Deeper portion of the same nest with incipient gardens on the root¬ 
lets traversing the two lower chambers. 

Fig. 47.— Attaphila fungicola Wheeler. Male. From nest of Alia texana. 

Fig. 48.— A. fungicola. Female; dorsal view. 

Fig. 49.— Same, ventral view. 

Fig. 50.— AttaphUa bergi Bolivar. Male, from nest of Acromyrmyx lundi, 
(After Bolivar.) 

Fig. 51.— A. bergi, Female. (After Bolivar.) 

Fig, 52,— Head of same. (After Bolivar.) 

Fig. 53.— Hypopygium of same. (After Bolivar.) 

Fig. 54.— A. bergi. — Hypopygium of male. (After Bolivar.) 

Fig. 55.— Fungus garden of Termes bellicoHus Smeathm. (After Smeathman.) 

Fig. 56.— Bromatia of same more highly magnified. (After Smeathman.) 

Fig. 57.— Portion of the fungus garden of a Malayan Termes, showing spherical 
bromatia of Agaricm rajap Holtennann. (After Karawaiew.) Natural size. 

Fig. 58.— Bromatium from the fungus garden of an African Termite, Termes 
xndgaris Havil. (After Tragtlrdh.) 

Fig. 59.— Portion of same crushed under a cover-glass and more highly magni¬ 
fied, to show the component cells. (After Trag&rdh.) 

Fig. 60.— A fungus garden of the African Eutermes hcierodon Sjost. j( natural 
size. (After SjOstedt.) 

Fig. 61,— Section of same. (After Sjostedt.) 

Fig. 62.— Ambrosia beetle (Xylehorm celsus Eichh.) of the hickory. Female, 
enlarged. (After Hubbard.) 

Fig. 63.-".Y. celsus, Male. (After Hubbard.) 

Fig. 64.— Piece of hickory showing burrows of X. cslsus in the sapwood. (After 
Hopkins.) 

Fig. 65.— ** Ambrosia or fungus grown by X. celsus enlarged. On the right 
a few of the filaments more highly magnified. 
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Article XXXn.— NEW MERYCOIDODONTS FROM THE MIO^ 
CENE OF MONTANA. 

By Eael Douglass. 

The collections which were made in Montana in 1902, by the party from 
the American Museum of Natural History under Dr. W. D. Matthew, con¬ 
tain some Merycoidodonts which are of much interest in connection with 
the study of this subfamily of Artiodactyls. Through the kindness and 
courtesy of Prof. H. F. Osliorn and Dr. W. D. Matthew, the best of this 
material has been sent to me for study. of the specimens, which I 

have named Mesoreodon hngiceps and Ticholeptus hrachymelis, are repre¬ 
sented by almost complete skulls w’ith large portions of the skeletons. They 
were found in beds from which no fossils had previously been obtained. 
Another sjxjcimen which came from the Upper Miocene beds of the Low^er 
Madison Valley, is the skull of Pronomolherium aliiramum (Douglass). 
The type of this species is a right ramus of a mandible containing the molar 
and premolar teeth. It w^as originally assigned by Douglass to the genus 
MerycochceruH. 

The tw^o first specimens above mentioned w^re found in beds of fine 
buff-colored sands, wdiich may contain some clay, on the east side of the 
North Boulder River about six miles above w^here it empties into the Jeffer¬ 
son River. The beds are quite definitely stratified or banded. They dip to 
the westward toward the river and away from the ridge of Palieozoic lime¬ 
stone w^hich forms the eastern boundarj' of the valley and the western face 
of the low mountain ridge wdiich separates this valley from the larger one 
near the head of the Missouri River. A small area, apparently of White 
River strata (a remnant left by erosion) intervenes horizontally between the 
Miocene deposits and the Paheozoic limestone. In outcrops of the Miocene 
a little farther south part of a mandible of a Cosoryx was found. On the 
west side of the river, in deposits similar in appearance, Mr. Douglass ob¬ 
tained portions of a skull and mandible of a small Camel. In another 
locality but in a nodular stratum many fragments of teeth and bones of 
small and large Camels w’ere obtained, some of which belonged to a large 
species of Procamehis, Associated with these were remains of turtles, one 
nearly complete shell of which Dr. O. P. Hay referred to the species Tes-^ 
tudo holhndi Hay.‘ The type of this species was found by O. A. Peterson 

1 No. 1670 Carnegie Mttaeum Catalogue of Vertebrate Fossils. See Annals of the Carnegie 
Museum. Vol. IV.* No. 1, p. 19, 
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in the Loup Fork beds near the Running Water River in Nebraska. In 
another place to the westward and more distant from the river, part of the 
skull of a Neohippariofiy very much like N. isonesum, was found. Still 
farther to the westward and at a higher level are beds that contain coarser 
sand and are more evidently of stre^am origin. They are much like the later 
Miocene deposits of the Ix)wer Madison Valley. From these the mandible 
of Neohipparwn was obtained. The above named s}>ecimens are in the 
Carnegie Museum. It is impossible to say how nearly of the same age are 
the beds on the opposite sides of the river, for the various deposits of Oligo- 
cene and Miocene times, in western Montana, are so mixed on account of 
the carving out and refilling of the valleys, gocnl exposures are so isolated, 
and the lithological characters occasionally so deceptive, that one cannot 
always be sure as to the horizon without obtaining characteristic fossils. 
In some places, tor), the fossils are nearly all Agriochoerids and of different 
species from those found elsewhere; while in other places no s{x*ciinens of 
this family are obtained. I assign these beds provisionally to the Middle 
Miocene. 

Detailed descriptions an<l records of variations arc of little interest unless 
they give some evidence as to the vital economy of the animal, and its rela¬ 
tions to its surroundings or to kindred fonns. I give below some of the 
portions of the osteologicul anatomy of the ilerycoidodonts which have been 
found to be especially subject to variations, show how some of these appear 
to be correlated, and give some conjecture as to their meaning. 

Some of the ])arts subject to variations are the following: (1) The pos¬ 
terior basal portion of the skull, (a) tympanic and mastoid portions of the 
temporal, (b) exoccipitals; (2) the skull as a whole — varying proportions of 
length, height, and width; (3) upper antero-postcrior contour of skull — 
nearly straight f)r arched; (4) the mandible, (a) horizontal ramus rtdatively 
short, low or high (none have slender mandibles), (//) angle medium or 
large; (5) sagittal cn*st low, or absent, light, or heavy; (0) malar (always 
quite heavy) deep, or relatively .shallow. 

Some of the following modifi<*ations might be considered progressive in 
their nature as they occur in nearly all the later forms, while other charac¬ 
teristics are possessed by only a portion of the members of the family: (1) 
Increase in size; (2) teeth, especially molars, becoming more hypsodont; 
(3) teeth increasing in length and height backward so that the molar is 
longer than the premolar series; (4) zygomatic portions of the squamosals 
enlarged or otherwise changed; (5) premaxillaries codssified; (6) limbs and 
feet shortened or lengthened, becoming heavier or more slender; (7) some 
slight shifting of the bones of the manus; (8) nasals shortened; (9) angle 
between basifacial and basicranial axis increased; (10) upper portion of 
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ascending ramus of the mandible changed; (11) palatines produced pos¬ 
teriorly; (12) modifications of the skull, especially the anterior portion, 
which in some cases was undoubtedly accompanied by lengthening and 
other changes in the upper lip and nose. 

It is important to endeavor to ascertain how these different modifications 
am correlated. (1) Most of the specimens which have a heavy malar have 
a large angle to the mandible. This implies a great development of the 
superficial portion of the masseter muscle; (2) there is some evidence, 
perhaps, but not so much, of a similar relation between the portions of the 
skull and of the mandible to which the temporal muscle is attached; (3). 
shortening of the skull is usually accompanied by deepening of the mandible, 
lengthening of tlie molar as compared with the premolar series, and by 
heightening of the teeth. It is sometimes accompanied by shortening of the 
nasals and broadening of the skull; (4) the lengthening of the skull is not 
necessarily correlat(‘d with the lengthening of the limbs. 

It is difficult to see of what use was the development of extremely large 
zygomatic arches like those in some sj>ecies of Promerycorherrua unless they 
were used for defense or had weapons of defense attached to them. 

The j)eculiarities in the structure of the Agriochoeridfe which makes it 
ap|x^ar probable that they usually inhabited woods, streams, marshes, and 
thickets, and that they subsisted principally on (‘oarse foods such as leaves, 
twigs, rushes, <*oarse grasses, et<‘,, are: (n) attachments for strong mastica¬ 
tory mus(*le.s; (b) long and probably large bodies for the accommodation of 
large viscera ; (c) sh(»rt legs and fwt not adapted to life in tlie opjn country; 
(d) phalangigrade gait with spn^atling toes enabling them to walk on soft 
ground and probably to swim with facility in the water; (e) no apparent 
correlation between long heads and long necks or limbs, as is usually the 
case with animals that sulxsist on .short grasses; (/) a long upper lip or pro¬ 
boscis, in some species, which would undoubtedly be useful in procuring 
leaves and coarse grasses. 

Mesoreodon longiceps s}). nov. 

Type No, 9732, American MiLseum of Natural History. A nearly com¬ 
plete skull with the mandible, the cervical, lumbar, and sacral vertelme, 
portions of most of the dorsal vertebne, a scapula, a pelvis, a femur, a tibia, 
a fibula, a nearly complete hind limb including the foot, several other fort^- 
bones, and many fragments. From Middle or Upper Miocene deposits on 
the east side of the North Boulder Valley near Cold Spring post-office in 
Jefferson County, Montana. Collected by Albert Thomson of the Ameri¬ 
can Museum party under Dr. W. D. Matthew in July, 1902. 
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The characters which distinguish this species from the type of Mesoreodon 
are numerous, and in some resj^ects considerable in degree. The following 
are some of the distinguishing peculiarities: 

Skull long, especially th^ posterior portion; brain-case large and full; nasals and 
frontah arching; sagiital crest sessile, represented by a small low ridge; median piUar 
of occiput broad; space between paroccipUal and postglenoid processes uniLstuilly large; 
palate produced considerably jmterior to last molar; teeth but slightly hypsodont. 

As the skull is more or less peculiar in most of its details it merits a quite full 
description. It is long in proportion to its height. This lengthening is principally 
posterior to the face, esjDecially [wsterior to the glenoid articular surfaces. The 
length of the skull is almost twice the width. The upper contour is not quite straight 
as there is an arching of the anterior portion of the nasals, a depression of the pos¬ 
terior portion, an arching of the |>osterior portion of the frontals aiid the anterior 
portion of the parietal, while posterior to this convexity, the lowness of the sagittal 
crest forms a depression. 



The premaxillaries are only slightly, if at all, coOssified. The nasals do not extend 
as far forward as do the premaxillaries. They have slightly truncate or rounded 
tips, are convex antero-posteriorly and transversely at their broadest portions which 
are just posterior to the opening of the anterior nares, and their posterior ends are 
rounded. The frontals are mostly convex, though there is a depression just behind 
the nasals. The fronto-parietal suttire is a considerable distance anterior to where 
the supratemporal ridges unite. The sagittal crest is represented by a low sessile 
narrow ridge which becomes a little higher just anterior to the occipital crest. Its 
backward extension continues as a very low ridge over the upper Y-shaped surface 
of the occipital crest, and in the median line beneath the posterior overhanging 
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portion of this crest between its lateral wings forms a high sharp rugose ridge. The 
pillar of the occiput is broad, slightly concave above and broadly convex below. It 
is bounded laterally by small ridges which extend downward from the lambdoid 
crest. External to the broad pillar are large deep concavities, or openings into the 






Fl#?. 2. Memrcodon (ovytceptt, superior view of skull, X i. Type specimen, No. 9732. 

brain case. Above and external to these are the high, thin, overhanging ridges or 
plates of the temporal bone. These ridges branch off from the lambdoid crests 
at the same places as the ridges previously described which are internal to the cavi¬ 
ties. They are deflected downward on the outer portions of the mastoid processes 
^\hich project considerably external to the exoccipitals. The occipital condyles 






mi 




Fig. 3. Mesoreodon lonfficepa, inferior view of skull, x Type specimen, No. 97B2. 


and foramen magnum are broad. The lower surface of the basioccipital is quite 
broad just anterior to the foramen magnum, but between the tympanic bullae it 
suddenly contracts. Immediately in front of this on the median basal portion of 
the skull are two parallel longitudinal ridges instead of one. Anterior to these ridges 
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the basisphenoid is directed upward forming an angle with the basioocipital. The 
paroccipital processes are prismatic and are placed behind the tympanic bullie, the 

lateral expansion of their 



bases being behind the exter¬ 
nal auditory meatus and the 
mastoid process. Their ante- 
ro-posterior and transverse 
diameters behind the bullae 
are nearly equal. Below this 
they are laterally compressed 
and slightly bent inward. 
The tympanic bulla^ were 
large but the lower portions 
are not preserved. The open¬ 
ing of the external auditory 
meatus is just anterior to the 
mastoid process, but it sends 
a heavy v\iug forward to the 


base of the post glenoid proc¬ 


ess as in some speeies, at least, of Eporeodon of the Lower John Day beds. The 


post glenoid processes are unusually slender being narrow transversely. They are 


concave posteriorly on account of the broad channels 


which extend do^ulward from the large post-glenoi(i 
foramen. The pterj^goids are thickened below, thin 
above, concave on the outside, and convex on the inside. 
The pterygoid plates of the palatine, to which the ptery¬ 
goids are attached on the inner .surfaces, are concave 
postero-internally ^^'hile the ptcry^goids are concave poste- 
ro-externally so that the t\^o form an oblong trough-like 
depression. The palatines extend backward in a ti'ough- 
shaped extension 2.5 cm. behind the last molar. The 
infraorbital foramen opens above the i^ostei’ior portion of 
p ^ and the anterior portion of p a. There is an oblong 
triangular vacuity on the face surrounded by the maxil- 
larJ^ frontal, and lachrymal bones. The latter bone is 
large and the lachrymal pit is rather deep. The orbit is 
small and the malar quite deep. The zygomatic portion 
of the squamosal is slender in front, it reaches forward 
much beneath the orbit and the posterior angle is not 
high or heavy. 

The horizontal ramus of the mandible increases in 
depth backward and the angle is large. The ascending 
ramus is broad antero-posteriorly, the coronoid process 
thin, and the masseteric fossa shallow. 

The teeth are brachy-hypsodont or brachyodont with 
a tendency to become hyi)sod()nt. The incisors are not 
large. The canines have a vertical groove on the inner 



Fi/?. 6. Meaoreodon 
longkeps. Wild foot, X 
Type specimen, No. 9732. 


side. Premolars one to three in both jaws increase regu¬ 
larly in size backward and in the development of the ridges and depressions. The 
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molars also increase regularly in length and width. The molar series is slightly 
longer than the premolar series. 

Judging from Scott’s description of Mesorecdon chelonyx some of the 
bones of the present species show small differences in some of the details, 
but a comparison of the bones themselves is necessary to ascertain the exact 
amount of this differtuice. Judging by Scott’s figure of the hind foot the 
metacarpals, es|)ecially the lateral ones (II and V), are more slender in 
Mesoreodon fhelonyx. 

Mea^mremenis, 

mm. 


Length of skull, total. 260 

.Length of skull, basal. 247 

Length of upper dental series .... , . 124 

Length of skull posterior to dental series. 124 

Length of skull from posterior of m ^ to anterior of post-glenoid process 64 

Length of skull behind anterior portion of post-glenoid process 60 

Width of skull, greatest. 129 

Width of posterior pillar of occiput . . 28 

Height of skull above posterior base of m ^. 72 

Length of upper premolar series ... 45 

Length of upper molar series ... 56 

Length of lower premolar series . . .49 

Length of lower molar series , 59 

Depth of mandible under middle of m^ . .41 

Length of metatarsal IV . . . . 73 

Width of shaft of metatarsal IV, middle .... 12 

Proportion of hight of skull to length = 72 : 260 = 27.7 : 100. 

Proportion of width to length == 129 :260 = 45.7 : 100. 

Length of upper preiuolar to molar series = 80 :100 = J nearly. 

Length of lower premolar to molar .series = 83 : 100. 

Proportion of width of metatarsal IV to length = 12 : 73 = 16.4 :100. 


Ticholeptus brachymelis sp. nov. 

Type: No. 9731 American Museum of Natural History. A nearly 
complete skull with the mandible, the cervical and lumbar vertebrm, nine 
or ten dorsal vertebne part of which are incomplete, and the greater portions 
of the fore limbs. Found in the same beds as Mesoreodon hmgicepsy on the 
east side of the North Boulder Valley opposite Cold Spring post-office. 
Collected by x\lbert Thomson of the American Museum party under Dr. 
W. D. Matthew in 1902. 

Skull high in proportion to length. Greatest height to greatest length, 157 mm.: 
257 mm. 61: 100 or approximately Forehead only moderately broad; upper 
antero-posterior contour of skull nearly straight; sagittal crest short and not high; 
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orbit small; zygomatic arches deep under the orbit, ascending posteriorly; squamo- 
s£d portion of arch not heavy; nasals shortened; horizontal ramus of mandible 
moderately deep, uniform in height from p §■ to m jjj-; premolar teeth not long or high; 
molars moderately hypsodont; proportion of length of upper premolar to molar 
series = 48 mm.: 60 mm. == 80 :100 = J; lower molar to premolar series = 49 
mm.: 64 mm. = 76.5 :100; limbs and feet short. 

The premaxillaries are coossified for a distance of 12 cm. The upper portion of the 
anterior narial opening is large and broadly rounded, the borders only moderately 
steep. The narials are abbreviated. The infraorbital foramen opens above the 
anterior portion of p ^. The malomaxillary ridge is heavy and the lachrymal pit 
deep. The malar is deep beneath the orbits and as(;ends backward. The squamosal 
portion of the zygomatic arch is heavy. The forehead is not extremely broad, 
neither is the occiput. The exoccipitals and the paroccipital processes are moder¬ 
ately expanded laterally. The internal portions of the latter, behind the tympanic ^ 



Fig. 6. Ticholcptus ftruc/ii/we?is, side view of skull and javNs, X i. Type specimen Amer. 
Mus. No. 9731. 

bullffi, are thickened antero-posteriorly. The bulla* are quite large. The external 
auditory meatus is a long, straight tube directed upward more than outward or back¬ 
ward. The angle of the mandible is large but does not extend veiy much below 
the lower border of the horizontal ramus. The masseteric fossa is deep. 

From the type of the genus, Tirlwlepius zygomafiem Cope, this species 
differs in the greater length of the skull in proportion to the height, in the 
more nearly straight upper contour of the skull, in the less thickened and 
rugose squamosal jiortioii of the zygomatic arch, and in the less hypsodont 
teeth. 

From Tkholepfus brevkeps Douglass, from Divide Creek, Montana, 
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it dififers in the following respects: Skull laiger, longer, and proportionally 
narrower; brain-case proportionally smaller; paroccipital processes thicker 
antero-posteriorly; pillar of the occiput narrower 


and less flattened; occipital condyles less com¬ 
pressed antero-posteriorly; t 3 niipanic bullse 
smaller; malars heavier and more ascending; 
form of squamosal processes of zygoma different; 
teeth less hypsodont; metopodials, and probably 
limbs, slightly more robust. 

It is distinguished from TicJu)leptm hannack^^ 
ensis Douglass from Grasshopper Creek above 
Bannack in Montana, by its smaller size, smaller 
premolar teeth, less, but more unifonn, depth of 
the horizontal ramus of the mandible, and its 
shorter and proportionally heavier limbs and feet. 
Of the skull of Ticholepius bannachensis only the 
anterior portion and the mandible are known. 

Measurements, 

mm. 


Width of skull, greatest, approximately . .139 

Depth of malar beneath orbit .... 34 

Depth of mandible beneath p j . . . .38 

Length of humerus not including greater tuber¬ 
osity .164 

Length of radius.134 

Traverse diameter of radius, least . . .15 

Length of metacarpal III.66.5 

Width “.10.5 


Pronomotherium altiramum {Douglass), 



Fig. 7. 2'icholeptus brachy- 

Merycochmrm aUiramus Douglass, American Jour- foo?f 'front*^ viw^X 

nal of Science, Vol. XI, January, IQOl, pp. 73-75. specimen No. 9731. 


This s|iecies was founded on the greater portion of the right ramus of a 
mandible (Carnegie Museum Catalogue of Vertebrate Fossils, No. 759), 
found by Earl Douglass in a bed or pocket of sand at the base of the Loup 
Fork beds of the Lower Madison Valley in Montana, in 1895. In 1902 
the expedition from the American Museum of Natural History obtained, in^ 
nearly the same place, the greater portion of a skull which I have no doubt 
belongs to the same individual. As this has been placed in my hands 
for study, it gives an opportunity to describe the principal characters of the 
[Sept., 1907] s» 
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skull of this remarkable animal, and to compare it with the fine skull of its 
nearest known relative, Pron^motherium laticeps, in the Carnegie Museum. 

When the mandible which was used as the type was first described it was 
lying in a bed of plaster, the removal of which and tlie more accurate fitting 
of the fragments, has somewhat changed the contour of the border of the 
horizontal ramus from that represented in figure 1 in the original desci*iption, 
making it more nearly like the mandible of Pronomotherium laticeps. 

The skull, which represents a young individual, is longer than that of 
Pronomotherium laticeps and is broad posteriorly. It is more or less dis¬ 
torted, and probably the posterior and upper portions are pushed slightly 
backwrard. The length of the dental series is greater than the length of the 
skull posterior to it. The palate is long and not so broad as in Pronomothe¬ 
rium laticeps. It is produced backward of the molars and has a peculiar 
form. It is concave between the last molars and a little posterior to them, 
and the borders are thick and rounded. In the middle of this concavity 
is a low median longitudinal ridge. Posterior to this concave area is an 
area that is convex antero-posteriorly and concave transversely, being 
bounded laterally by two antero-posteriorly flattened processes. I cannot 



Fig. S. Pronomotherium aUiramum^ superior view of lower jaw, X f. Type specimen, 
Carnegie Mus. No. 769. 

say how much of this portion of the skull belongs to the pterygoids and how 
much to the palatines. Behind the produced palate the pterygoid fossa is 
deep. The basi-occipito-sphenoid axis is very steep. The glenoid articular 
surfaces are large, slightly concave transversely, and decidedly convex 
antero-posteriorly. The postglenoid processes are broad transversely, 
thin antero-posteriorly, and quite high. The paroccipital processes are di¬ 
rected transversely. They are convex behind and flattened or slightly con¬ 
cave in front. The occipital condyles are broad transversely and narrow 
antero-posteriorly. The exoccipitals above the paroccipital processes are 
broad. 

The malo-maxillary ridge extends to above m-. Above this the floor 
of the large facial concavity is nearly horizontal as in Pronomotherium 
laticeps but the posterior portion is probably somewhat crushed vertically. 
The malar beneath the orbit is moderately deep. The zygomatic portion 
of the squamosal is not deep, neither is its posterior angle high or heavy. 

The forehead is flat and on its postero-extemal borders the temporal 
ridges are heavy, standing up like a wall. 



1907 .] 


DoufflasSf New Merycoidodonta from Montana* 


819 


The mandible is very deep. The chin is steep but it does not appear 
to have been so concave as in P. hticeps. Beneath the horizontal ramus 
of the mandible becomes deeper and beneath mg it descends still more 
abruptly. 

Dentition *— The teeth are strongly hypsodont, increasingly so from the 
second premolar backward. Their antero-posterior diameters increase 



Fig:. 9. Pronomotherium altiramum, ade view of skull and jaws, X i. The lower Jaw, 
Carnegie Mus. No. 759, is the original type of the species. The skull, American Mus. No. 9740, 
probatily belongs to the same individual. 


in the same order. The mandible and its dentition have been described 
in the paper cited at the beginning of this description. 

Although the teeth are on the same general plan as those of other Mery- 
coidodonts, the upper, even more than the lower ones, have some plainly 
distinguishing peculiarities. 

The canine is not heavy. Its outer angle is sharp having an almost 
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knife4ike edge^ and on the inner surface there is a sharp and prominent 
slightly crescent-shaped ridge extending up and down on the tooth. The 
posterior surface of the tooth is flat, the antero-external one nearly so and 
the antero-inner one strongly convex. Pi is much smaller than the other 
premolars a is not dnset obliquely in the jaw. The antero-inner ridge, 
which usually separates the anterior and the anterio-inner facets in Mery- 
coidodonts, in pi and p- of this specimen projects far forward so that part 
of the anterior fossa is seen in a side view of the skull. On p- this fossa is 
broad and faces directly forward. The posterior portion of pi is sharj^ 
(chisel-like), and slightly concave on the inner surface. The anterior ridge 
on p- is inflected forward in such a way that the outer surface is concave and 
the inner one convex. The posterior cingular festoon is much larger than 
the anterior one. A portion of it is developed into a small subconical cusp 
which represents the deuterocone. The outer face of the tooth is slightly 
concave antero-posteriorly and convex vertically* P- is wider than p?, 
especially the anterior ])ortion. The deuterocone does not appear to be 
much larger. Pl has a strong inner cingulum. The inner crescent is con¬ 
cave vertically. 


Meamremejtls, 

mm 

Length of skull, basal. Perhaps a little too long on account of distortion 305 

Length of dental series not including incisors.175 

Ijength of skull behind dental series.130 

Width of muzzle at second premolars ...... .77 

Width of palate between last molars.55 

Width of skull, greatest.220 

Width of occipital condyles.85 

Depth of malar beneath orbit.40 

Height of mandible beneath p ^.58 

Height of mandible beneath posterior of m j.66 

Height of mandible just behind mj .128 

Length of upper molar-prcmolar series.160 

Length of upper premolar series.70 

Length of upper molar series.90 

Length of lower molar-premolar series.159 

Length of lower premolar series.63 

Length of lower molar series.96 


Proportion of width to length of skull = 220 mm. : 305 mm. == 72 4* : 100. 

Upper premolar series to upper molar series = 77.7 :100. 

Lower premolar series to lower molar series » 65,6 :100. 

Length of upper pm. series = m 4 - m <2- nearly J m 2. srs a little more than m ^ 
-f m -2. =r a little less than m -f m -S-. 

Lexigth of lower pm. series = mY4-m-5'4'i anterior crescent of m ^ ~ less than 
m Y m 5 -. 
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Comparison of the skull of Prorumotkerium aUirarmm with that of Prom-^ 
motherium laiiceps ,— The former is larger and but little broader^ the palate 
is actually narrower; there is not so prominent an angle on the maxillary 
above and external to m2 at the origin of the zygomatic arch; and the skull 
-does not expand so abruptly here, there being more of a gradual widening 
posterior to the premolars. The sjjecimen is a younger individual and the 
teeth not so much worn as in the type of the genus, yet it is evident that they 
were narrower, more hypsodont, and had sharper cusps and ridges. 

A list of Agriochcerids from Montana is given below, arrai^ed as nearly 
as can be done at present in their order of succession, though there is much 
doubt concerning the proper chronological arrangement of those listed as 
Middle and Lower Miocene. The list is a long one but nearly all are, so 
far as I have been able to examine and compare them, well characterized 
species, with one or two possible exceptions. It may be that Merycoidodon 
macrorhinus may turn out to be a very robust variety or individual of Mery- 
-coidodon culbertsoni and Eucrotaphm helenas may be Eucrotaphus buUatus 
(Lcidy). I have not seen the type of the latter, neither am I aware that it has 
been %ured. I have also doubts as to the sjK'cific identity with the type of 
skulls that have been figured and described under that name. A number of 
other sf^ecies — possibly a dozen—in the Carnegie Museum are represented 
by teeth, jaws, feet, and other parts of skeletons but they have not been 
named on account of the absence of good skulls. 

UPPER MIOCENE. 

Pronomotherium alHramnm 

Pronomotherium madisonins . Lower Madison Valley. 

Merycochcerusf compressidens 

Pronomotherium laiiceps ' 

Ticholeptus smiihi . Flint Creek near New Chicago. 

Poatrephes palvdwola 

Ticholeptus zygomaticus 1 

Cyclopidius simus 

Cychpidius emydinus Deep River Beds. 

CJyclopidius incinvus 

Promerycochcerue monianus . 

Ticholeptus brevweps. Divide Creek north of Melrose. 
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PERHAPS MIDDLE MIOCENE. 


Ticholepius bannackensis, Grasshopper Creek near Bannack. 
Fromerycochoerusf sp. ' 

Twholeptus hrachymelis . North Boulder River, 
Mesoreodon hngiceps 
Merycoides cursor 1 


Cyclopidius sp* 
pTomerycochwms hafchen 
PromerycochoBrus Jiollandi 


Canon Ferry east of Helena on the Mis¬ 
souri River. 


Promerycochcems grandis 


LOWER MIOCENE OR UPPER OLIGOCENE. 

Pfomerycochosrus minor, Hell Gate River near Drummond. 
Eucrotaphus montayins, Stubbs Ferry northeast of Helena. 

MIDDLE OLIGOCENE. 

Eucrotaphus heknee 

Merycoidodon macrorhinus . Missouri Valley near Toston. 
Merycoidodon cidbcrtsonif 
Eiicrotaphus helence, Canon Ferry. 

LOWER OLIGOCENE. 

Bathygenys alpha | p; Creek. 

Agrtochwrusf maimmusj ' 

Limneneies anceps 1 

. . , ^ ‘ McCarty s Mountain. 

Agnochwms near anhquus J 

Limnerietes anceps 

Limneneies phtyceps ^ i rr»i i 

. . , ^ . Thompsons Creek near Three porks. 

Agrwchoerus minimus ^ 

Trigenimis socialis 



55.1,77(78.6) 

Article XXXin.—THE HELL CREEK BEDS OF THE UPPER 
CRETACEOUS OF MONTANA: 

THEIK RELATION TO CONTIGUOUS DEPOSITS, WITH FAUNAL AND FLORAL 
LISTS AND A DISCUSSION OF THEIR CORRELATION. 

By Barnum Brown. 

In the plains region of Montana east of the 108th meridian there is a 
series of Mesozoic strata overlain by fossil-bearing fresh-water deposits and 
lignite beds of unknown thickness. These beds are eroded into very rough 
badlands near the Missouri River north of Miles City. 

The attention of Professor Osborn was first called to this locality by 
Dr. W. T. Homaday, Director of the Bronx Zoological Garden, New York, 
who while hunting near the Missouri in 1901 discovered numbers of large 
l)ones in the bad lands. One of these bones, brought home for a paper 
weight, turned out to be the jx)int of a horn of the large dinosaur Triceraiops. 
In 1902 Professor Oslxim sent the writer out to this region with such good 
results that the three succeeding years, 1903-6, were spent in the same 
general region. Thus a large collection of vertebrate, invertebrate and 
plant remains has been secured. Most of the exploration was in the Hell 
Creek region where continuous work has served to elucidate several seem¬ 
ingly complicated stratigraphical sections. 

South of the Yellowstone. 

Between ^Nlilcs City and Dickinson along the Yellowstone and south¬ 
eastward extending into Wyoming, and into North and South Dakota, are 
more or less continuous exposures comix)sed of alternating sandstones and 
clays at base with several hundred feet of lignite and buff-colored shales 
toward the top. In most of these badlantls remains of vertebrate animals 
are rare. The weathered fore limb of a Triceratops was identified by myself 
in the badlands near Glendive at an elevation of about 50 feet abo\u the 
railroad track. Several other fragments of Triceratops and Trachodont 
dinosaurs were seen in this locality but not sufficiently preserved for sj>ecific 
determination. 

South of Miles City, on Powder River, about twelve miles above Hockefi, 
part of a Triceratops skeleton was found in dark shale near the level of the 
river. Several other frtigmentaiy dinosaur bones were noted in this locality 
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but insufficient time was spent there to determine the relation of the dif¬ 
ferent strata. Unconformably overlying the dinosaur-bearing clays west 
of Spring Creek there is a line of white cliffs, locally known as Chalk 
Buttes,'^ that extend into Wyoming. These beds are of Tertiary origin, 
probably Miocene, and resemble the Rosebud formation in lithological 
character. No fossils were found in them. However, in the First National 
Bani: of Miles City there is a well preserved femur of a mastodon which 
is said to have been found in Powder River l^low the mouth of the Mizpah. 
It was undoubtedly washed down from this Tertiary bed, as all the sur¬ 
rounding strata at that point are older than the Fort Union. 

:^<^Ncar Ekalaka the Field Columbian Museum expeditions have secured 
a collection of dinosaur remains which determine the dinosaur-lx?aring beds 
^f that area as a continuation of those north of the river to be described later. 

North of the Yeelowstone. 

Between the Yellowstone and the Missouri Rivers north of Miles City 
the surface of the country presents a rolling prairie, for the most part grassed 
over. Glacial drift is abundant over the region and near the Yellowstone, 
where it covers the ridges, is several feet in thickness. Near the Missouri 
it has been mostly eroded off and only the larger boulders remain. 

On the divide between the two rivers there are few denuded areas; the 
largest exposure was found near the 21-mile road ranch on the stage road 
between Miles City and Jordan. Here the identified Fort Union has been 
eroded off, leaving the upper lignite clays. Another similar exposure was 
found on Thompson Creek. Both of these localities arc barren of fossils 
where examined. 

A few abrupt hills capped by sandstones stand out as monuments on the 
plains along the Little Dry at the road crossing and near Red Butte ranch. 
Near the Little Dry these sandstones contain unusually well preserved 
impressions of a rich flora that has been determined by Dr. F. H. Knowlton 
as of Fort Union age. The single specimen collected near Red Butte is a 
new species of Cornm, age uncertain. Lithologically these beds are of the 
same structure and are of about the same level, representing the middle 
and lower part of the Fort Union. Near the head of Crow Rock and Tim¬ 
ber Creeks there is a range of light-colored higher hills, known as Sheep 
Mountains. They are probably of Tertiary origin. 

In this longitude the Yellowstone is about 350 feet higher than the 
Missouri and its current is mueh swifter. It lias cut through the identified 
Fort Union and a part of the lignite and sandstones which I believe belong 
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to the lignite series exposed on Hell Creek. No fossils were secured from 
this locality, however, and the determination is based on its lithological 
structure and position. 

The Missouri River has long since cut through the Fort Union and 
underlying strata far into the Pierre. Erosion is rapid in these shales, 
consequently the banks of the lateral streams are steep. Most of the trib¬ 
utaries of the Missouri on the south side between the Musselshell and the 
Big Dry are short streams confined by steep canons. 

This area is unsurveycd and all published maps arc inaccurate in name, 
course and size of most of the streams. A prominent landmark, such as 
Smoke Butte, is placed at least twenty miles from its true position on these 
maps. The accompanying sketch map (Fig. 1) was made from data 
secured during four years of field work in this region. Although inaccurate 
in many n^spects it approximately gives the true course and relation of 
streams.^ 

All the exposures examined on the tributaries of the Big Dry above the 
mouth of Woody ('‘reek were found to be of Fort Union age; the country is 
open and for the most part grassed over. But as soon as the high divide 
bounding the short tributaries of the Missouri is crossed, the country takes 
on a more rugged character; the surface is eroded into badlands of wonder¬ 
ful beauty, the short deep canons often presenting perpendicular walls from 
one to three hundred feet high with short lateral canons that make the 
country almost impassable for riders. Many of these canons, like Seven 
Blackfoot, are very narrow at the bottom. The torrents of water that flow 
down them in the spring freshets carry awa} the loose talus, leaving clean- 
cut, nearly vertical sections several hundred feet thick along streams not 
more than twemty miles in length, thus giving clean contact of different 
strata. The following barometrical measurements were' taken from one of 
these sections on Hell Creek by Dr. A. G. Ix^onard, State Geologist of 
North Dakota. 


Fort Union.115 feet 

Lipjnite beds.100 

Hell Creek beds.310 “ 

Fox Hills.100 “ 

Pierre.150 “ 


These measurements agree with estimated thickness of sections on 
Crooked Creek and Gilbert Creek, with the exception of the Fox Hills, 
which on canon sides frequently seems to be much thicker than they are, 
on account of slipping. Where I have seen clean sections of the Fox Hills 

1 since this piyper was prepared a very accurate map of this region has been published in 
the July issue of ‘ The Auk' (Vol. XXIV, 1907, facing p. 244) by Mr. E. S. Cameron. 









826 Bulletin American Museum of Natural History. [Vol. XXIII, 

on Crooked Creek and Seven Blackfoot it was never more than sixty feet in 
thickness. 

Fort Pierre. 

In this locality the river has cut into the Pierre shales to a depth of 
nearly two hundred feet. At the mouths of the tributaries and on some of 
the intervening points the overlying beds are eroded off leaving the shales 
weathered into low ridges or rounded hillocks of drab-colored gumbo. 
Where newly exposed they are composed of dark, almost black fissile shales 
and loosely joined ferruginous-stained clays. Gypsum crystals are numer¬ 
ous toward the top of the formation. Concretions of different sizes are 
found in nearly every stratum, though not in great numbers. They are 
always in distinctly bedded planes unlike those in the later fresh-water 
deposits. These concretions are calcareous and are usually traversed in 
all directions by cracks filled with ambcr-colored cal cite crystals. Inverte¬ 
brates are found in the shale but more often embedded in calcareous con¬ 
cretions. 

On the west side of Hell Creek, five miles from its mouth and about one 
hundred feet below the Fox Hills, numbers of small elongate and lozenge¬ 
shaped concretions occur. They are calcareous but seldom show calcite 
reticulations. Where weathered out they are light gray in color and nearly 
always contain large invertebrates such as BacuUtes ovatus or irweeramm 
sagensis. A lobster-like crustacean "was also common in this horizon. 
This is the form described by Prof. R. P. Whitfield as Hoploparia hrowni^^ 
closely related to a species of that genus described from the green sand 
Cretaceous of England. 

In this same valley, twenty feet below the base of the Fox Hills and one 
hundred feet below the base of the fresh-water Hell Creek beds, the remains 
of a large Trachodont dinosaur were discovered. This specimen w^as found 
in situ, partly embedded in a large calcareous concretion that was weathered 
out and broken; the humeri were still covered with shale and well preserved. 
A collection of characteristic invertebrates was secured on this same level 
and from a few feet above, all from the undisturbed black shales. They 
have been identified by Prof. R. P. Whitfield as follows: 

from Pierre, 
from Fox Hills, 
from Fox Hills and Pierre, 
from Fox Hills and Pierre, 
from Fox Hills and Pierre, 
from Fox Hills. 


1 This Bulletin. Vol. XXIII, 1907, p. 459, pi. xxxvi. 


Inoceramus sagensis E. & S., recognized 

Cardium (Leptocardia) svhquadratum E. & S., 

Yoldia evansi M. & H., ** 

Pteria (Oxytoma) nebrascana M. & H., '' 

Aporrhais hvangulata M. & H., “ 

Anchura (Drepanochilus) americana E. & S., ** 
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Cinulia (Oligoptycha) concinna H. & M., 
Natica (Lunatia) concinna H. & M., 
Dentalium gradle ? H. & M., 

JScaphites conradi Morton, 

Baculites ovatus Say, 


recognized from Fox Hills and Pierre. 

from Fox Hills and Pierre, 
from Pierre, 
from Fox Hills. 

“ from Fox Hills and Pierre. 


This characteristic fauna was found nearly to the top of the black shale. 


Fox Hills, 


This formation was found to be about forty feet thick at the Cook ranch 
on Crooked Creek, but it increases in thickness to the westw’ard. On Hell 
Creek it is about eighty feet thick where exposed in clean-cut sections. It 
consists of soft arenaceous shales and interstratified beds of clay, usually w’ith 
a capping of sandstone. The clays are grayish yellow and of a decidedly 
lighter color than the Pierre shales (Fig. 2). They conformably overlie 
and merge into the darker shales below^ but a distinct structural change is 
immediately apparent. On Hell Creek and in that vicinity the apparent 
unconformity is due entirely to slipping and never shows in a clean-cut 
section. The clays are highly gypsiferous and the difference in color is 
most striking. Tow^ard the summit of the clays, thin strata of hard, fine¬ 
grained sandstone frequently occur, but are not continuous; they usually 
show lamellar structure. On Hell Creek this zone is marked by a heavy 
bed of sandstone six feet thick. Capping the top of the formation there is 
usually a thin layer of ferruginous, flat concretions of small size. Rounded 
concretions occur at different levels but alvrays in w^ell stratified planes unlike 
those in the fresh-water Hell Creek beds above. They are calcareous and 
formed like those found in the Pierre. No fossils WTre secured from these 
beds on the eastern exposure; but on Hell Creek, below’ the Sensiba Brothers’ 
ranch, the follow’ing collection W’as secured from concretions below’ the 
basal sandstones of the Hell Creek beds: 


Cardium (Protocardium) subquadratum E. & S., recognized from Fox Hills. 

Nttcula CAinceUata M. & H., “ “ “ “ 

Tellina scitula M. & H., “ “ “ “ 

Yoldia evansi M. H., 

Crenella elegantula M. & H., 

PiestochUus culbertsoni M. & H., “ “ “ “ 

Anchura (DrepanochUus) amerkana E. 8c S., “ “ 

Lunatia concinna H. & M., “ “ 


Cylichna scitula ? M. & H., 

Baculites ovatus Say, 

Scaphites conradi Morton, 

Chemnitzia cerithiformis M. & H., 

Mactra ? nilidula M. & H., 

Actaeon {Oligoptycha) concinnus H. & M,, 


tt 
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Pierre. 








Fig. 2. Foic HiUa forma^tion overlying cjark-coloyed Pierre shales, Crooked Creek, Montana. 
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Hell Creek Beds. 

Overlying tlie Fox Hills there is a fresh-water deposit that is rich in verte¬ 
brate fossils. These beds are exposed on the Yellowstone River at Sentinel 
Butte near Forsyth; at Glendive; near Ekalaka and at Hockett P. O., 
south of the Yellowstone. They are probably continuous with the dinosaur- 
bearing beds of the Little Missouri, and of the Grand and Moreau Rivers, 
judging from the fauna of the latter districts. These beds, with overlying 
and underlying deposits, are typically exposed on Hell Oeek and nearby 
tributaries of the Missouri River; hence they have been designated the Hell 
Creek beds. (Fig. 3.) 

The deposit is bounded, roughly speaking, on the west by the Mussel¬ 
shell River. Its eastern and southern boundaries have not been determined. 
The beds on the northern exposure generally dip to the south and east at an 
angle of nearly 15° but in some places they are normally horizontal. 

The beds may l)e divided into an upper and a lower member. The 
former is composed of art^naceous clays alternating with sandstones and 
carbonaceous matter. The lower member consists of massive sandstone. 

Basal sandstone .— This is the most constant of the series. It uncon- 
formably overlies the Fox Hills, as shown near the Cook ranch on Crooked 
Creek; also on Hell Creek. This iincjonformity is erosional in character. 
On the east fork of Hell Creek it measures 160 feet in thickness but thins 
out toward the east. On Gilbert Creek the minimum was found to be less 
than 40 feet. The average thickness over this whole area is about 80 feet. 
On the north side of the Missouri most of the upper strata are eroded away 
and the dip of the beds brings the basal sandstone on the same level with 
the buff-color(*d Fort Union on the south side of the river. On account of 
the similarity in color the Fox Hills on the north side of the river may be 
mistaken for a continuation of the buff-colored Fort Union on the south side. 
The sandstones extend on an average about ten miles beyond the river, 
north of which the Fox Hills and Pierre come to the surface. 

The sandstones are fine-grained, massive and usually cross-bedded and 
composed of angular grains of quartz loosely cemented with carbonate of 
lime. A characteristic feature of this deposit is the presence of numerous 
concretions (Fig. 4) that are composed of the same material as the sur¬ 
rounding sandstone but are harder and more compact. They are found 
throughout the beds. Some are almost perfect spheres and vary from the 
size of a marble to several feet in diameter. Others are irregular in form. 
It is not an infrequent sight to see a group of spheres weathered out in a 
depression like a nest of eggs, or in another place several parallel concretions, 
circular in cross-section and a hundred feet in length, like fallen trees. 
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Fig. 4 Basal sandstone showing concretions. Hell Creek beds on Crooked Creek, Montana. 
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Fig. 5. Sandstone concretion sho\'ving concentric structure. Hell Greek beds. 


832 


Bulletin American Museum of Natural History, [Vol. XXIII^ 


The general tone of color is a light sepia brown. Iron pyrites is abun¬ 
dant, usually formed into perfect spheres from the size of a pea to that of a 
baseball. The oxidization of the iron probably gives the prevailing color 
to the sand. The sandstone concretions frequently show concentric struc¬ 
ture, as clearly shown in Fig. 5. They often enclose a nucleus of clay lenses, 
brecciated pebbles or bones, and are so compact that the breaking of the 
concentric layers gives a loud report. They are not, however, true con¬ 
cretions but centers of solidification. Cross-bedding in the surrounding 
soft sandstone is frequently carried through the concretions line for line. 
On the outside they are stained a dark rusty brown; inside they are usually 
a flinty blue sandstone having a specific gravity nearly equal to that of granite 
and composed of irregular grains of quartz. This material analyzes as 
follows. 


Carbonate of lime. 

. . 60 % 

Siliceous and feldspathic matter . 

. . 35 % 

Andesytic matter. 

. . 05 % 


Thin strata of carbonaceous matter were found throughout the basal 
sandstones, and usually imperfect casts of steins and sections of wood were 
abundant in the concretions. Bui nowhere were beds of lignite observed in 
this member. 

Irregular beds of limestone of an impure quality are frequently found 
low down, and where exposed in the course of streams have arrested the 
cutting, forming waterfalls. Near the base, cross-bedding is more pni- 
nounced, and numerous thin strata are composed of rounded clay lenses. 

Near the eastern border of the outcrop, east of Gilbert Oeek, the basal 
sandstone changes considerably in color, fonn and texture. The light sepia 
color changes to a gray, and the massive sandstones are less compactly 
cemented. They weather rapidly into steep, fluted canons as shown in 
Fig. 6. These sandstones simply melt away before a driving rain, like sugar. 
Concretions are numerous in this zone and are usually globular or lens- 
shaped. Compact, hard sandstones, showing laminated structure, frequently 
occur in this eastern region. 

Upper beds. — The strata above the basal sandstone are not continuous, 
but two thin beds of sandstone are usually present, occupying the same 
relative position wherever found. Both are rich in fossil vertebrates; and 
consequently were traced for miles. 

Immediately overlying the basal sandstone there is a stratum of light 
blue or slate-colored clay about twelve feet thick which in local sections, 
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Fig. 6. Basal sandstone, corrugated phase, west fork of Crooked Creek. 
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as on the east fork of Crooked Creek, increases to a thickness of thirty feet, 
where it is highly colored, purple at base and light blue above. 

Next come the two sandstone strata before mentioned. They are each 
from twelve to fifteen feet thick and are separated by forty feet of banded 
<‘lays similar to those above. Both of these strata are considerably lighter 
in color than the basal sandstone, and cross-bedding is not as marked. Con¬ 
cretions are numerous and similar in fonn and composition to those found 
in the basal sandstone. Beds of river-sorted gravel occur in these two 
strata. They invariably contain waterv\^orn fragments of bones and shells. 
An example may be seen near Mr. Oscar Hunter’s fence near (Tooked 
Creek where the gravel is cemented into a conglomerate capping a low ridge. 
This bed is a hundred yards long and stained a dark nisty color contrasting 
with the light color of the surrounding beds. Between these sandstone 
strata and below them invertebrates arc frequently found. 

Above the sandstones arc a hundred and sixty feet of bluish clays, of a 
somewhat flocculent structure, composed approximately as follows: 


Clay.60 

Siliceous and feldspathic material .... 38 % 

Tendrilous organic substances.02 


Mica scales are present and all strata contain a great deal of vegetable sub¬ 
stances. 

In some localities the clay gives place to pockets of licaAy sandstone. 
On the east fork of Hell Creek the sandstone is capped by a stratum of im})ure 
limestone which cleaves into angular fragments at right angles to the bedding 
plane. 

Fori Unimi f 

Lignite beds .— Overlying the dinosaur clays are the lignite series which 
apparently represent an uninterrupted continuation of the former. These 
beds on Hell Creek are 100 feet thick, increasing in thickne.ss toward the 
south. At Miles City over 400 feet are exposed, and I was informed by a 
well-driller of that town that he had bored through a four foot vein of coal 
over a hundred feet below the river level in the valley of the Yellowstone. 

These beds are characterized by the large amount of carbonaceous 
matter and frequent veins of lignite. A section taken on the east fork of 
Hell Creek shows as follows: Capping the dinosaur clays there is a vein of 
lignite about 4 feet thick, followed by 25 feet of arenaceous clays interlined 
with very thin strata of sandstone, usually cross-bedded. Frequent layers 
of flattened chert pebbles, having skins of limonite encrusted over them, 
are found at the base and more or less throughout the lignites. These peb- 
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bles have the lustre of gun-metal and when struck ring like, steel. They 
were probably formed on the floor of shallow ponds or in bog land. Above 
this stratum is another vein of lignite followed by 20 feet of clays and sand¬ 
stone of a dark grayish brown color, which are capped by a third vein of 
lignite about three feet in thickness. This is the purest vein exposed on 
Hell Creek. It bums to a light ash with few clinkers and under forced 
draft will fuse steel. Above this vein there are about 40 feet of very light- 
colored sand which merges into a light ocherous-yellow or buff-colored clay. 

A few indeterminable casts of shells were found in the lignite associated 
with the chert. Also a few distorted leaves identified by Dr. Arthur Hollick 
as Rhamnus solidfolius Lesq. and Pterospermites sp.; also a mass of seeds 
resembling SahalUes fructifer Lesq. These came from just above the 
lowest vein of lignite. Crocodile, turtle and rhyncocephalian remains 
were found all through the lignite but most abundant and best preserved 
near the base. This is the horizon in which Champsosaurus laramiensis ^ 
and C. amhulator were discovered. 

It is a most remarkable and significant fact that in no instance has a frag* 
ment of dinosaur hones been found in or aboue the lignite series by any of our 
party during five years'^ uork in thie region. 

For this reason I have considered the lignites separately. They probably 
belong to the Fort I^nion age. Species of such genera as Champosaurus, 
Adocus and Crocodilus, which have persisted unchanged through two or 
more long geological periods, cannot be considered as diagnostic of a forma¬ 
tion. But the sudden termination of the many highly specialized forms 
of dinosaurs indicates a considerable time hiatus or a sudden and marked 
change in geological conditions. 

Throughout this whole region the lignite veins have been fired in dif¬ 
ferent places, sometimes burning over considerable areas. The beds have 
probably taken fire by spontaneous combustion, prairie fires or lightning. 
The overlying and underlying rocks have thus been altered to a considerable 
degree. Frequently the strata have been fused, developing both flow and 
vesicular structure, closely resembling lavas. North of Jordan many of 
the hill tops are covered 'with such fused material which stand out as 
monuments. In a less fused condition, where the strata have simply been 
hardened, it has arrested degradation leaving hills capped with rose colored, 
indurated shales. 

Fort Union, 

The identifled Fort Union, which is distinguished by its light buff color, 
overlies the lignites. The beds are composed of very fine-grained sand- 

i Brown, Mem. Am. Mus. of Nat. Hist,, Vol. IX, i>t. I, laos. 
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stone, impure, limestones and highly micaceous shales with occasional veins 
of lignite. The sandstones are lamellar in structure and in most places 
are rich in impressions of a characteristic Fort Union flora. Leaf impres¬ 
sions are found in many places over the divide between the Missouri and 
the Yellowstone Rivers, on the head of Hell Creek, on the Little Dry, at 
Red Butte ranch, and near the top of Signal Butte, south of Miles City. 
These impressions are in most instances perfectly preserved. They have 
been identified by Dr. F. H. Knowlton as follows: 


From Smoke Butte Creek^ IJt. miles northwest of Jordan. 

Populus arctica Heer, as identified by Lesq. Platanus haydenii Newb. 

Populus amhiyrhyncha Ward. Paliurus colomhi Heer, as detennined by 

Populus cuneata Newb. Ward. 

Populus nebrascensis NeA;vb. Sapindus afflnis Newb. 

Populus craspedodroma Ward. Sapindus grandifoliolus Ward. 

Populus daphnogenoidcs Ward. Cocculus haydenianus Ward. 

Populus nervosa Newb. Calycites polyccpalus Newb. 

Platanus raynoldsii Newb. Legummosiies arachioides Lesq. 


From Vail Creek, 100 feet above Hell Creek beds. 

Taxodium occidentale Newb. Glypiostrobus europceus (Brgt.) Heer. 

Sequoia nordenskibldi Heer ? 


From Little Dry, miles southwest of Jordan. 

'Glyptostrobus europaus (Brgt.) Heer. Corylus sp. ? 

Corylus maequarrii (Forbes) Heer. 


From ridye 50 miles northwest of Miles City. 

Hicoria antiquorum (Newb.) Knowlton. Ginkgo adiantoides (Unger) Heer. 

The strata containing this flora are horizontal and were evidently laid 
down under more uniform conditions than the underlying Hell Creek beds. 
On Signal Butte, near Nliles City, a four-foot ledge of sandstone separates 
the lignites from the buff-colored Fort Union. This sandstone is not con¬ 
tinuous but the light color and finer grained material always defines this 
zone. About 120 feet of identified Fort Union forms the top of Signal 
Butte, which is capped, like the surrounding hills, with rose-red indurated 
shales altered by fired veins of lignite, as noted in the lignite beds. 

About six miles above Jordan on the Big Dry there is a landmark famous 
in that section of the countiy, named Smoke Butte (Fig. 7). It is visible 
for many miles and stands out as a monument, nearly 200 (estimated) feet 
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above the surrounding country. It was near here that the last of the great 
buffalo herds was killed. 

The butte is of igneous origin and is connected with lesser buttes on 
either side by a dyke. The dyke is composed of highly vesicular andesyte. 
The vesicles are uniformly parallel, pyrifonn or cylindrical, and lined with 
ealcite crj'stals. Some of the vesicles are half an inch in diameter and 
more than an inch in length. All are vcilical. The dyke varies from one 
to three feet in width. Apparently its extrusion caused little if any altera¬ 
tion in the confining sedimentary strata and no displacement of the buff- 
colored Fort, Union beds, which are perfectly horizontal on either side (Fig. 8). 
The buttes, which are cones, arc simply large plugs, and there is no evidence 
of a flow anywhere in the country. 

Several other dykes were seen on the west side of Smoke Butte Creek 

but were not examined. The buttes and dvkes were evidently formed 

«/ 

subsequent to the d(‘position of the lignites, probably during the latter part 
of the Fort Union age. 


Presence and Condition of Fossn.s in Hell Creek Beds. 


Invertebrates, 


Invertebrate fossils were found in several localities in the upper clays. 
East of the main branch of Hell Ci^ek, about two miles southeast of Sensiba 
Brothers* ranch, they arc especially abundant and so well preserved that 
<*ven the hinge ligament is often present. This locality furnished represen¬ 
tatives of nearly all the species collected. The basal sandstone contains 
few invertebrates and they are rarely well preserved. iTiios were invariably 
the common fonns found in the lower levels. 

The invertebrates of the Hell Creek beds are a purely fresh-water fauna 
with the exception of the brackish or fresh-water genus Corhicvla and the 
land genus Bnlinns. The collection is especially rich in Unios, both in 
numbers and species. In the list given below a large number of the Unios 
have been found only in the Hell Creek beds, while three species have been 
found in the Converse County beds also. 


Unio (Bsopiformia Whitf. 

“ corbicutoidcsWhiii. 
verruconformw Wliitf. 
retusoides Whitf. 
hrowni Whitf. 
percorrugata Whitf. 

** postbiplicata Whitf. 

** aldriehi White. 


Unio leisoni Whitf, 

jn/ramidelbis Whitl. 

” gibbosuides Whitf. 
pyramidatoides 
svbtrigonalia Whitf. 
Spheerium planum M. & H. 
Corbicula mhelliplica M. & H. 
Campeloma multoHmata M. & H. 




Fig. 7. Smoke Butle with dyke and le&t>er cones. 
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Fig. 8. Smoke Butte and undisturbed Fort Union strata on either side of dyke. 
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Unio dancB M. 8c H. 

** holmesiana White. 

veiusta Meek. 

'' cryptorhynchus White. 
** hiesopoides Whitf. 

** cylindricoides Whitf. 


Campeloma vetula M. & H. 

“ products White. 
Vivipara plicapressa White. 
Casaiopella turricula White. 
Tfiaumastus limnodformis White. 
Bulinus rhomhoideus M. & H. 


In discussing this fauna and comparing it with living forms Prof. R. P. 
Whitfield says: Considering all the similarities between these Laramie 
fossils and their representative species in the Mississippi and Ohio water¬ 
sheds, I venture to state that these farther western.waters of the Laramie 
times were the original home of much of the Vnio fauna of these more 
eastern recent localities.’’^ 


Vertehratps, 

Vertebrate fossils are found throughout the Hell Creek beds. Rarest 
of these are the remains of mammals, which arc represented by single teeth 
with an occasional fragmentary limb bone or vertebra. These remains 
are nearly always associated with ganoid fish scales, vertebrae and washed 
bones, and in the Hell Creek region were always found at the base of the 
two prominent sandstone strata in the upper beds. The teeth arc very 
small and difficult to see; frequently they are conspicuous on ant-hills 
favorably located in one of these beds of water-washed material, where they 
have been separated from the finer sand and carried out with pieces of small 
gravel. 

The almost total absence of mammal remains from strata in which 
dinosaurs are common indicates a difference in habitat of the two groups. 
It is noteworthy that these remains have always been found in water-worn 
debris. They may represent river arboreal types. It is highly probable that 
the mammalian plains fauna of Laramie times has not yet been recognized. 
Several different forms of multituberculate and trituberculate teeth are 
represented, but as only a few of these can certainly be associated it would 
be hazardous to identify them with separate teeth that have been found in 
other localities. The genera Ptilodus and Meniscoessvs are represented 
by teeth indicating two or more species. Ptilodus, and Polymastodon, a 
genus closely related to Menucoessus, are found in the lowest Eocene and 
the species here represented indicate a closer affinity to the lower Eocene 
mammals than to the same genera of the Jurassic. The difference between 
the mammalian fauna of the Puerco and that of the Ivaramie series, however, 
is greater than between the Puerco and the Wasatch formations. 


1 This Bullelln, XXIII, 1907, p. 624. 
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Of the dinosaurs the Ceratopsia seem to have been most abundant. 
Remains of Trweratops are found from the very base of the sandstone to 
the top of the beds. At least two hundred skulls were found in this foniia- 
tion during our work, but in nearly every case they were so badly broken 
as to be of little value in specific determinations. Invariably when found 
in the soft clays the skulls are badly crushed and usually broken. I'he bones 
are nearly always scattered; seldom are there found in one place more than 
a skull or a few vertebrae and ribs, possibly a limb associated. Some of 
this material has not yet been identified, while in other cases it represents 
undescribed species. The genus Torosaurus, which frequently occurs in 
the Converse County beds of Wyoming, has not been found in the Hell 
Creek beds. 

Next to the Ceratopsia in frequency of occurrence are found representa¬ 
tives of the Trachodontiche. These forms usually have the greater part 
of the skeleton associated, which is probably due to two or more reasons: 
(1) Members of this family were probably primarily aquatic. (2) The 
great number of ossified tendons lying along the transverse processes of the 
vertebree bound the skeleton together even after the flesh was decomposed. 
(3) The opisthocoelus form of vertebrae with locking zygapophyses further 
bound the skeleton together. The fossils found in the Hell (^reek beds so 
far are s|)ecies having teeth with smooth borders, a character that is con¬ 
sidered more sj^ecialized than those having crenulated borders. One of 
these s}>ecies having teeth with smooth borders is common to the Converse 
County l)eds. 

Carnivorous dinosaur nunains are rare and are most frequently found 
in the lowvr sandstones, usually in concretions. The largest of these, 
Tyrannosaurus rex, has also been found in the Converse County beds of 
Wyoming. 

During this period there were many small dinosaurs of wdiich wx‘ know^ 
comparatively little. They are represented by single teeth, vertebra? and 
phalanges. Similar teeth have been found in the Converse County beds. 

Turtles arc cjuite common but complete shells are rare; nearly all the 
genera and species are common to the Converse County beds. Crocodiles 
and Champsosaur vertebrae are found in all upper levels but skeletons were 
confined to the overlying lignites. 

Isolated fish scales, vertebne and plates occur in the clays, usually at 
the base of the tw’o prominent sandstone .stnita in the upper beds overlying 
the basal sandstone where they arc found in quantities. Urodele vertebr*^ 
are usually associated with these fish scales. Dr. Charles R. EavStman and 
Dr. L. Hussakof have examined the fish remains, but report the material so 
fragmentary that only a few’^ genera can be recognized with certainty. Of 
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these genera probably the most interesting is the shark Lamna, represented 
by a single tooth. This is the only known marine genus represented in the 
collection. Among living sharks, however, this form has been found in 
rivers far from the sea, so that its presence in this inland fresh-water deposit 
is not of especial import. In discussing these fragmentary remains Dr. 
Eastman writes me: '‘As a whole the collection does not have a decided 
Cretaceous aspect. Nevertheless, it would be useless to argue from this 
that the beds in question are of Eocene age, for there are numerous fishes of 
preponderating Eocene t}q)e in the Fort Benton Cretaceous of Wyoming.’' 

When found in the sandstones, vertebrate fossils are well preserved and 
rarely crushed, but in the clays they are almost invariably crushed and badly 
broken. The genera and species of vertebrate fossils identified from the 
Hell Creek beds are as follows: 


List of Vertebrates 


PtUodus Rp. 

Meniseoessus eonguistus (\^pe. 
Meniscoessus Hp. 

Triceratops serralus Marsh. 
Triceratops hrericornus Marsh. 
Triceratops sp. 

Trachodon ? sp. 

Trachodon sp. 

Tyrannosaurus rex Osborn. 
Ornithoinirnus attvs ? Lamb. 
Avhlysodon sp, 

PaUeoscim'us sp. 

Champsosaurus laramiensis Brown. 


Croeodilus sp. 

Basilemys sinitosa 
Adocus lineolatus Cope 
Compsernys 'ncta Leidy. 

Conipsemys obscura J^eidy. 
As'inderetcs (Trionyx) lorcofus Leidy. 
Aspideretes beccluri Hay. 
Bcapherpeton tectum ? Co])c*. 
Diphyodus sp. 

Rhineastes sp. indet. 

Papp'ichthys sp. indet. 

Ijcpidostpus ovcideniatis Leidy. 

Lamna sp. 

Flora, 


Although fossil leaves, sterns and fmits are of common occurrence in 
these beds very little of the mat(*rial is sufficiently well jrreserved for identi¬ 
fication. All the identifiable material comes from the ujrpcr beds, above 
the basal sandstone. So far only three or four, identifiable species have 
been preserved, as Equisehim losvigatum, Rhamnus salicifoUus l^esq., Fimis 
spectalrilh Lesq. Only one of these, a fniit identified by Dr. Knowlton as 
Fims, is common to the Converse County beds. 

There is a series of lignite beds overlying the Converse County beds 
similar to those overlying the Hell Creek beds. In 1900 I obtained a col¬ 
lection of leaf impressions near the base of these beds on Seven Mile Creek, 
40 miles northwest of Edgemont, S. D. At that time I was unable to define 
the limits of the dinosaur horizon and the fossils were marked "Ceratops 
beds?” Dr. Knowlton has identified the collection as follows: 
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Taxodiutn ocdderdale Newb. PkUanus sp. 

Sequoia nordenskidldi ? Heer. Quercus sp. 

Datnmara sp, Carpites sp. 

PlaJtanus raynolddi Newb. 

They are said to be a typical Fort Union flora from near the base of the 
formation. As far as identified the species agree with those found in the 
Fort Union near Hell Creek, Mont. Another collection from the same 
locality on Seven Mile Creek, but lower and associated with a dinosaur 
skeleton, Claosanrus annectens Marsh, were identified as follows. 


Sequoia heerii I^esq. 

Taxodium distichum wiocenum (Brongn.) 
Heer. 

Ginkgo adiantoidea Heer. 

Mmophyllum sp. probably new. 
Flahellnria eoevnixa Lesq. 

Sahohics graynnus Lesq. 


Palmocarpom palmarum (Lesq.) Knowl- 
ton. 

Plotanus rhomboidea Lesq. 

Phiianus sp. 

Ficus spectahilis Lesq. 

Viburnum^ sp. 


Although the horizons from which these two collections 'were obtained 
are separated by less than two Inmdred vertical feet the species are not com¬ 
mon TO both horizons. Dr. Knowlton has kindly furnished me with the 
following data regarding the latter flora: ^^Scqmla heerii w^as described 
from the supposed Green River group at Sage Creek, Mont., and has been 
found in the u])per Clarno beds (upper Eocene) of Bridge Creek, Oregon, 
as well as Bull ^Mountains, Montana, in beds supposed to be lower F'ort 
Union, but which may b(' similar in age to the beds on Hell Creek. Taxo¬ 
dium distichum miocenum is a species of wide distribution in the Miocene, 
but has also been found in the Fort Union beds, the Eocene beds of Elko, 
Nevada, and in the Ceratops beds of Converse County, Wyoming. The 
Musophyllum is not widely different from M. complicatum Lesq., but is 
probably new to science. FlahheUaria eocenica was described from the 
supposed Laramie at Black Buttes, Wyoming, and has been found also 
in the Ceratops be<ls of Converse County, and in the Denver beds at Golden, 
Colorado. Sabalitcs grayanus is, generally speaking, a Laramie species, 
though it has also been doubtfully reported from Montana. Palmocarpon 
palmarum, Sabalites fructifer, Platanm rhomboidea, Eqniwtum Uevigatum, 
and Fwns spectahilis are knowm only, or mainly, from the Denver beds at 
Golden, Colorado. 

“The main point brought out by this small flora is the fact that it shows 
practically no affinity with the true Laramie, wdiile it does indicate a strong.; 
agreement with the Denver beds of Colorado. It is proportionately very 
much stronger in this direction than is indicated by previous studies of the 
flora of the Ceratops beds of Converse County. Thus, of a total of 48 
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fonns in the Ceratops beds of Converse County, 36 prove to be new to science, 
leaving only 12 species with an outside distribution. Of these 3 have been 
found in the Fort Union, 6 in the Post-Laramie, 5 in the Laramie, 6 in the 
Montana.'' 


Correlation ani> Age. 

Lithologically the Hell Creek beds of Montana are similar in almost 
every respect to the Ceratops beds of Converse County, Wyoming. Most 
genera and many species of vertebrates and invertebrates arc common to 
both deposits, while the faunal facies may be considered a unit, taking into 
consideration the separation of localities, which may account for absence 
of common genera in the one or the other locality. They are therefore 
considered of contemporaneous dcjx)sition. Where 1 have examined the 
two deposits I have found that they have the same relation to contiguous 
formations. In an article entitled ‘ The Ceratops B(‘ds of Converse County, 
Wyoming, ^ Mr. J. B. Hatcher says: “Immediately above the Fox Hills 
is a very tjiin, but quite persistent, layer of hard sandstone, well stratified 
and quite clcavable along the lines of stratification. This stratum of sand¬ 
stone is about six inches thick, and is regarded as the dividing line between 
the marine and fresh-water beds. It is overlaid by about 150 feet of yellow¬ 
ish brown, well stratified sandstones apparently non-fossiliferous. These 
are in turn overlaid by about 250 feet of almost white, fine-grained, massive 
sandstone with numerous concretions, but no fossils were found in them. 
Next comes the fossiliferous portion of the Ceratops beds, consisting, as 
before stated, of alteniating sandstones, shales, and lignites." In the 
same article he says that the Ceratops beds conformably overlie the Fox Hills. 

The non-fossiliferous beds described by Mr. Hatcher arc not pn^sent 
in the Hell Creek region of Montana but may be rt*presented on the Yellow¬ 
stone between Huntly Flats and Forsyth by the bam^n sandstones that 
closely resemble in character the Hell Creek basal sandstones. 

In another article entitled ‘Laramie Mammals and Horned Dinosaurs,'^ 
Mr. Hatcher says: “At no place in the (’'onverse County region do the true 
Ceratops beds, with the remains of homed dinosaurs, rest upon true marine 
Fox Hills sediments; nor are the Ceratops beds in this region overlaid by 
strata w^hich could be referred without doubt to the Ivaramie." 

Now, the first part of this statement does not hold good for the northern 
border of those beds which arc exposed in Weston County. On Alkali 
Creek, about thirty-five miles northeast of Edgemont, S. D., and six miles 

1 Am. Jour. Sci., Vol. XLV, pp. 135-144, 1893. 

2 Am. Nat., p. 117,1896. 
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north of the Cheyenne River, the dinosaur bearing beds do rest on the marine 
Fox Hills. In 1901 I obtained characteristic fossils from both formatioi s 
near their contact at that locality. At that place the conditions are similar 
to those in the Hell Creek region. 

Strictly following King's definition of the Laramie, neither of these 
deposits can be considered as such, for neither one represents a continuous 
sedimentation from the marine Fox Hills. They should therefore be grouped 
with the Livingston, Denver, and Arapahoe beds and may be considered 
Post-Laramie, if indeed the type locality of the Laramie does prove upon 
further investigation to represent a continuous sedimentation from the 
Fox Hills times. 

The close relation of the vertebrate fauna and flora of the Denver beds 
to the Converse County beds and Hell Creek beds, as well as the presence 
of andesytic material in the latter, indicates that the three are of contempora¬ 
neous age, the two last-named representing plains zones where sedimenta¬ 
tion was less rapid. 

Considering the evidence of the organic remains, the invertebrates 
plainly foreshadow Tertiary’ and living species. The flora on the other 
hand shows \Qvy little affinity with that of the true Laramie and even less 
with the Fort Union above. The vertebrates are clearly of mesozoic affinity. 
The dinosaurs here represented in the Post-Laramie are the culmination of 
a practically uninterrupted line of highly organized vertebrates that have 
persisted with little change since the Judith River period, some, like Ctao- 
mnniSf extending as far back as the Niobrara, and their relation to the 
earlier Jarassic forms is well established. 




66.81,3(118:73) 

Article XXXIV.— DESCRIPTIONS OF SEVEN NEW SPECIES 
OF TURTLES FROM THE TERTIARY OF THE 
UNITED STATES. 

By Oliver P. Hay. 

Pl\TE UV and 20 TEXT-EIOrRES. 

The writer here pivseiits descriptions of seven fossil turtles, all of which 
ai)})ear to have been hitherto unknown. One of these is an alligator snapper, 
the scanty remains of whic h were found in what are regarded as Pliocene 
deposits, on the w<\stern coast of Florida. This turtle was about the size 
of the alligator snapper, Macrochelijft tCDimhicki, which now inhabits the 
region from western (icorgia to Texas. In structure the fossil species is 
(piite distinct from its modern representative. Another interesting species 
is a new box-tortoise which was found in Pliocene or early Pleistocene de¬ 
posits near Savannah, Georgia, and which exceeded in size any living 
species of box-tortoise. 

A new and beautifully sculptured species of Plaatomenus comes from the 
Basal Eocene, probably from the Torrejon beds, of New Mexico. A fine 
large soft-shelled turtle of the genus Aspiderrtefi, was found in the Cope 
collection of fossil reptiles, having been labeled by Professor Cope as Trwntfx 
and as coming from the Upp(*r Jhierco (Torrejon) of New Mexico. This 
is one of the best preserved turtles known and, exce{)ting Conchochchfs 
a(lvn‘rahih\s\ furnishes the oldest known skull of the family. There is also 
a new species of PJasfomenus from the Basal Eocene. Finally, three 
Eocene species of the genus P/atf/pfltis are described, a genus represented 
today by several sp(‘cics that inhabit the rivers of North America ea.st of the 
Rocky Mountains. 


Macrochelys floridana sp. nov. 

1 1 os. 1—I. 

Four })cri})heral bones found in the Jarman collection of fossils made in 
Hillsborough County, Florida, and now the property of Vanderbilt Ihn- 
versity, Nashville, Tennessee, indicate a hitherto undes(‘ribed sjx^cies of 
alligator snapjx'r, to which the above name is given. These bones were 
accompanied by those of various other turtles, among them Testudo cra.s'.vi- 
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scutaia, and species as yet undescribed, and by bones of a horse and plates 
of Chlamytherium humholdii. The deposits appear to belong to what are 
known as the Peace Creek beds. 

It is probable that these peripherals belong to as many individuals. One 
of these bones is the fourth peripheral of the left side; another is the seventh 
of the right side; a third, the seventh of the left side; the fourth, the ninth 

of the right side. These bones have 
been carefully compared with the 
corresponding bones of an excellent 
skeleton of Macrochelys temmincki 
and found to be quite distinct. 

The fourth peripheral (Fig. 1) is 
46 mm. long; its greatest height is 
34 mm.; its thickness, 21 mm. 
The upper and the lower faces are 
moderately convex and they meet 
to form a free border which is subacute anteriorly, but more obtuse 
posteriorly. '^Fhe inner face contains a large nearly circular pit for the 
end of the rib of the second costal. This pit is mostly in the anterior 
half of the face. Below and behind the pit is an excavation for the outer 
anterior angle of the hyoplastron. This excavation is IS mm. long. On 
the upper face an* seen the costomarginal sulcus and that between the 
fourth and fifth marginal 
scutes. The former runs 
near the uj)per border of 
the bone. The latter as- 
“ cends between the middle 
and posterior thirds of 1 he 
length of the bone. The 
upper border of the bone 
has the portion behind 
the pit thickened, as if it 
had articulated suturally 
with the costal; but this is 
not certain. The remainder of the border is thin and sharp. 

In M. temmincki this bone has the upper face much more convex and it 
rounds into the lower face so that the keel is hardly perceptible. The pit 
for the rib is nearer the hinder end of the bone and there is no excavation 
for the hyoplastron, the latter bone coming forw^ard just to its hinder end. 

The larger seventh peripheral (Figs. 2, 3) of the fossil speeies has a length 
of GO mm. along the free border, a maximum thickness of 25 mm., and a 




Fig. 2. Miirrochclys floridona Hay. HiiErht sevonth 
penjilivial, seen from above. On the light is a section 
acioss the bone about the middle of the length. X i. 




Fig. 1. AlatnK hettjif jlondana Ilaj . Fourth 
left peripheral seen iroiii below. Presents a pit 
for second costal and an excavation for the 
hypoplastron. On the right is a section acro.ss 
the bone about the middle of its length, x 
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height of 50 mm.; but as the anterior end of the upper border has been 

broken away, the height may have been slightly greater. At the posterior 

end the height is 48 mm. The free border is distinctly acute. From this 

the upper and the lower borders ascend with slight convexity. On the upper 

face the sulcus between the seventh and eighth marginals ascends between 

the third and fourth quarters of the length of the bone. The costomarginal 

sulcus runs in a nearly straight line about 

32 mm. above the free border. The 

sulcus between the second and third 

costal scutes ascends about the middle / ..: 

of the length of the bone. The pit for jf 

the fifth rib is in the liinder half. Below ^ 

and in front of this pit is an excavation 

32 mm. long for the outer hinder angle 

of the li}q)oplastron. The upper border . / 

of the bone, so far as present, shows that _/ 

it articulated strongly by a jagged suture R,ghfleventh^p“npS K'f^om^be: 
with the lower border of the fifth costal. aTexcfvSfcr'lhc Ti. 

The corresponding bone in AL tern- 
mincici has the pit for the rib and the excavation for the hypoplastron 
similarly placed. It differs from that of M, florklana in having a much 
more obtuse free border, but especially in not having becni in contact 
with the costal. In the specimen examined there is a fontanel between 
tlie costal and the pcriplieral from 10 mm. to 23 mm. in height. On 

the upper face the ascending sulcus is 



Fljff. 4. Macrochelys fLoridava Ilay. Right 
ninth peripheral seen from above, with sec¬ 
tion taken across the hinder end. X $. 


not so near the anterior end of the 
bone as in M. floridana. The costo¬ 
marginal sulcus on the anterior half 
of the bone is about halfway between 
the upper and the lower border, but 
it suddenly descends to near the lower 
border. 

The other seventh peripln'ral be¬ 
longed to a smaller individual and 
offers no additional data. 

The ninth peripheral (Fig. 4) is 48 


mm. long, 48 mm. high, and 15 mm. thick. The front of the upper border 
is broken away. The hinder half of the border, and probably also the ante¬ 
rior half, articulated with the seventh costal. The upper face has an 
undulating surface, but only slight convexity. The sulcus between the 
ninth and the tenth marginals ascends a little in front of the middle of the 
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bone. The costomarginal sulcus runs near the upper border. The pit 
for the rib is rather small. In the free border is a deep notch. In front 
of this notch is an obtuse process of the border and behind it follows 
another less obtuse. To judge from this peripheral, there were two proc¬ 
esses on the free border of each hinder peripheral. 

The corresponding bone of M. temmmeki differs in having only a single 
point or process on the free border, the one just in front of the end of the 
ascending sulcus. 

From the materials at hand it appears that in M, floridana the distal 
ends of the costals Avere more closely connected with the peripherals and 
that the whole free border was less obtuse than in M. lemmincki. 

In case future discoveries should reveal the fact that two or more species 
are included in the bones here described the seventh right peripheral is to be 
taken as the type. 


Terrapene canaliculata sp. nov. 

Figs. 5-7. 

This species has as its tyjie a lot of bones which belong to the U. S. 
National Museum. I am informed by Mr. J. W. Gidley of that museum 
that they were with and apparently b(doi1g to a lot of fossils of Pliocene or 
Pleistocene age that were collected probably previous to 1800, at White- 
marsh Island or Skedaway Island, Georgia, by Dr. J. P. Scriver. These 
islands lie southeast of Savannah. The bones have the catalogue number 
8211. It is certain they Avere found in deposits near the coast, inasmuch as 
some of them are partly incrusted by Avorm tubes, bryozoa, and barnacles. 

The shell only is represented. The fourth right peripheral presents its 
thicker portion. Tlie region covered by the scATnth and (dghth right mar¬ 
ginal scutes and parts of the second and third costals is repn\sented by one 
fragment. Another fragment conies from the niidline of tin* back, ajijiarently 
including a part of the fifth neural. There are also portions of costals, all 
lacking the proximal end. Of the plastron there is the complete entoplastron 
and a considerable part of the left side of the hinder lobe. The indi\ddual 
had a size larger than that of any living box-tortoise. It was aged, for in 
many cases the sutures are wholly obliterated. 

The fragment of the dorsal region extends 22 mm. on each side of the 
midline. It is crossed by part of one sulcus, probably that between the 
third and fourth vertebral scutes. From side to side the fragment is strongly 
concave and there is no trace of a median carina, so usual on the carapace 
of these animals. It is possible that it would appear farther in front and 
behind. 
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The fourth right peripheral (Fig. 5) is 26 inm. long; its anterior end 
(Fig. 5) 8 nim. thick; its hinder end (Fig. 5), approaching the lateral 
hinge, is 19 inm. thick. The sharp 

free border of the more anterior \ *» i i 

peripherals is continued on this * ' 

fourth as a sharp keel, which 
forms the outer boundary of a sort 

of gutter running abovt^ the bridge. —I 

The width of the mitter VHries , Hay. Fourth 

iiiL wiuui oi me ^uiier varRS peripheral been from without. On the 

frnm 4 min fn 7 mm *'**^*^^ ^ 8<*rtion of the front end; on the left, a 

irom ^ mm. ro / mm. section of the hinder end. X i. 

The fragment occupied by the 

seventh and eighth marginal scutes and parts of the second and third costal 

scutes (Fig. 6) has the sutums obliterated. The lower ends of the costal 

bones present are 5 mm. thick. 

__ , , The hinge line, of which there 

remains 30 mm., is 10 mm. 

. \ I I thick. That of T, putnami, of 

I I about the same size, is 14 mm. 

I 1 thick. On the front end of the 

\ \ fragment there is a segment of 

7 ‘4 - j ) V_ the sulcus between the sixth 

> I seventh marginals. The 

^ ^ seventh is thus seen to have 

Fig. 6. Terrapene canahculata Hay. Hegion of been 32 mni. long. Its height 

sixth and .seventh marginal scutes, iigfit side. On , .l i j. i 

right is a section near front end of fiaginent. X i, HDOVC trie lateral Carina varies 

from 21 mm. to 25 mm. Figure 

6 presents a perpendicular section through this fragment taken near the 

right side. 

After comparison with the shells of living species it is concluded that an 
interval of about 40 mm. is missing between the fourth peripheral and the 
one just described. This makes the length of the 




hinge-line about 70 mm. 

The lower end of a costal bone, probably the 
third, is 34 mm. wide and 4.3 mm. thick. Other 
costals are 6 mm. thick. 

The entoplastron (Fig. 7) is subcircular, 34 mm. 
long, and 37 mm. wide. At the end of the hyoepi- 
plastral suture the thickness is 7 mm. The gular ^ Terrapene can- 

scutes overlapped somewhat the anterior end, wdiile 
the pectorals extended fonvard on the hinder end. 

The border of the liinder lobe thickens rapidly from the free edge, at- 
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taining at a short distance behind the hinge a thickness of 13.5 mm. At 
the femoroanal sulcus the thickness is 10.5 mm. There is no emaigination 
of the free border where it is crossed by the femoroanal sulcus. The inferior 
surface of the fragment indicates that the hinder lobe was rather strongly 
convex in all directions. 


Plastomenus acupictus sp. nov. 


Plate LIV, Figs. 1-3, and Text-fig. 8. 

The somewhat scanty remains that constitute the type of this species 

were recently found in some neglected materials of the Cope collection. 

The most important parts belong to the left side of the animal. There are, 

first, parts of two costals, probably the third and fourth, but possibly the 

second and the third; also the proximal half of the sixth costal and the whole 

of the seventh; finally, considerable portions of the hypoplastron and the 

xiphiplastron. The specimen was collected many years ago, perhaps in 

1883, by David Baldwin, in New Mexico. 

It accompanies other fossils from the 

\ Torrejon deposits and was itself prob- 

\ r —ably derived from the Torrejon. The 

I y \ exact locality is unknown, but is in the 

region lying north of Santa F6. The 

I J ^ specimen bears the catalogue number 

j 1025 of the American Museum of Nat- 

j J ural History. 

^ \ j That the species belongs to 

^ \\ \ / menus is shown by the fact that the 

} V -—r hypoplastron and the xiphi])lastron were 

5 / both suturally joined to their fellow bones 

* as far as represented by the specimen; 

t--that is, along 8 mm. of the hinder part 

F)ir. 8. piadomenus acupictus Ha>;. of the hypoplastron and Ifi mrn. of the 
Portions of left hypoplastron and xiplii- , . ,. « ,i • r* i a. 

plastron. XI. anterior portion of the xiphiplastron. 

The supposed third costal (Plate LIV, 
Fig. 1) is 10 mm. vride proximally, 3 mm. thick along the neural border, and 
2.5 mm. thick on the sutural edge at a distance of 13 mm. from the neural 
border. The seventh costal (Plate LIV, Fig. 2) is, at the distal end, 16 mm. 
wide, 3 mm. thick where it joined the contiguous costals, and 4.5 mm. thick 
through the ridge fonued by the rib. Each eighth costal (Plate LIV, Fig. 
2) must have had a fore and aft extent of about 23 mm. and a lateral extent 
of close to the same amount. 


F)ir. 8. PlasUmenus acupictus Hay 
Portions of left hypoplastron and xiphi¬ 
plastron. X 1. 
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The free border of the costals is beveled off on the upper side. A frag¬ 
ment of the nuchal shows that its free border w^as similarly beveled. 

On the hinder costals are seen six or seven welts which run bac^kward 
and somew^hat outward. The whole upj)er surface of the shell, except the 
beveled border, is ornamented with small pits and narrow intervening ridges. 
There are five of the pits in as many millimeters. 

The hypoplastron and the xiphiplastron measure 27 mm. along their 
common suture. The width of the hinder lobe (Plate LIV, Fig. 3, and 
Text-fig. 8) was close to 60 mm. At the bridge the h 3 q^oplastron is only 
8 mm. wide, while it is 5 mm. thick. The sutural border of the bone in 
this region is concave. The antero-iimer angle of this bone and that por¬ 
tion beyond the bridge are missing; as is also the hinder end of the xiphi¬ 
plastron. At a distance of 18 min. behind its anterior end the free border 
of the xiphiplastron is preser\Td for a short distance. It is there thin and 
acute. 

The sculpture of the xiphiplastron resembles that of the carapace, but 
there are no welts and the pits are somewhat smaller. 

Aspideretas smgularis sp. nov. 

Plate LIV, Fig. 4, and Text-figs. 9-17. 

The ty[)e of the present species belongs to the American Museum of 
Natural History and has the catalogue number 1028. The specimen is 
beautifully prc'served and furnishes the nearly complete skeleton. It was 
collected for Professor E. I). Cope by David Baldwin, in 1883, in the Torre- 
jon beds, the upper division of the Puerco formation, of the Basal Eocene. 
The locality is recorded as having been the Chaco Canon, in the southern 
part of San Juan County, New Mexico. Only one other skull belonging 
to the Triony(‘hoidea is at present known that is older, that of ConchocJwlys 
admirabUis, of the Lower Puerco; no other trionychoid skull so old is 
known that is accompanied by the shell. The specimen is therefore inter¬ 
esting because it shows how^ little change has taken place in the group since 
Basal Eocene times. 

The carapace (Fig. 9) is elliptical and appears to have been rather 
convex, but this convexity has been considerably increased during fossiliza- 
tion. The length is 350 mm. in a straight line; the width of the disk appears 
not to have exceeded 280 ram. The carapace is composed of the nuchrl, 
a preneural, seven neurals, and eight pairs of costals. 

The nuchal has a lateral extent of 190 mm.; a fore and aft extent of 37 
mm. The outer ends of the bone are smooth; the median portion is pitted. 
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The outer ends of the nuchal overlap strongly the projecting ends of the ribs 
of the costals of the first pair. The following are the dimensions in milli¬ 
meters of the other median bones : 



Fiff. 'Q.\ AspidvrcU's sinyularis . Carapace of l.\j)e. No. 1028, A. M. N. H. X {. 


Kiel] lent 

Length 

Widtli 

Premninil 

34 

42 

Neural 1 

34 

27 

2 

3S 

27 

3 

42 

25 

4 

3S 

24 

5 

a.’) 

23 

6 

31 

19 

7 

24 

16 


The costals of tlie eighth pair join on the midline and extend laterally 
each 60 mm. The free borders of the carapace are beveled off and are 
smooth. The ends of the ribs extend l^eyond the borders of the disk about 
50 ram. and vary in width from 25 mm. to 33 mm. 

\ ' The sculpture (Plate LIV, Fig. 4) consists of pits with prominent inter¬ 
vening ridges. On the neurals and the proximal ends of the costals the pits 
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are nearly circular and there are from six to eight in a line 20 mm. long. 
Toward the distal ends of the costals the pits increase in size. On the distal 
fourth of the costals the pits arc arranged in longitudinal rows, with broad 
ridges between the rows. In some places there are only three or four rows 
in a 20 mm. line. On the rear of the carapace the pits are of size larger 
than the average. 

All portions of the plastron (Fig. 10) are present. The entoplastron has 
the usual V-shape, with the limbs each 112 mm. long. The epiplastra are 18 



mm. broad in front, pointed behind, and about 100 mm. long. I1ie bridge 
has a w'idth of 50 mm. equally divided between the hyoplastron and the 
hypoplastron. The whole extent of the inner border of the hyoplastron 
and the hypoplastron taken together is at least 175 mm. The xiphiplastron 
is of triangular form, with the proximal processes interdigitated with iLv 
processes of the hypoplastron. Each is about 110 mm. long and 75 mm. 
wide. With the exception of the anterior and posterior processes the whole 
lower surface of each xi})hiplastron is sculptured. 
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The sculpture of the plastron is less prominent than that of the carapace. 

It consists of vermicular ridges occasionally 
anastomosing and enclosing pits and furrows. 
Toward the midline the ridges are inconspic- 
nous. 

The skull is nearly complete and is but 
little distorted. Some of the distortion has 
been corrected in the figure. The skull resem¬ 
bles closely that of Flaiypellvt ferox, but the 
]:)rofile descends more abruptly from the middle 
of the orbits. 


Flj:. 12. Aspideretes aingularis flay. Skull of type- 
seen from nglit side. X i. 

The length from the snout to the occipital condyle (Fig. 11) is 102 mm.; 
to the extremity of the supraoccipital spine, 

131 mm. From the outside of one quad¬ 
rate to the other is 67 mm. The nasal 
opening is 16 mm. wide. The orbits are 
much larger than those of P/aiypcltis ferox, 
each of the diameters being 20 mm. The 
interorbital space is 10 mm. wide. The 
postorbital bar (Fig. 12) has a width of 9 
mm. The distance from the orbit to the 
front of the auditory chamber is 40 mm. 

The latter has a liorizontal diameter of 
21 mm. 

The roof of the mouth (Fig. 13) is 
almost wholly concealed by the lower jaw 
and the bones of the tongue. It is seen, 
however, that the front of each choana is 
placed 25 mm. behind the tip of the snout. 

Nothing can be determined regarding the 
nature of the triturating surfaces of the xT 

jaws. 



Fig. 13. Aspideretes sinoidarie 



Fig. 11. Aspideretes singular is 
Hay. Skull of type seen from 
above, x i 
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The length of the lower jaw from the front to the angle is 84 mm. The 
length of the symphysis is 17 mm. The height of the jaw at the coronoid 
is 28 mm. 


The hyoid bones are completely preserved, except, perhaps, the cera- 
tohyals; but these small bones may yet be buried in the matrix. There 
are present a pair of basihyals and two pairs of basibranchials. The more 
anterior basibranchials are each 72 mm. long; those of the hinder pair, 
37 mm. long. 

The atlas has the structure found in Platypeltis, The two pieces of the 
neural arch and the hypocentrum form the cup receiving the occipital 


condyle. Behind these bones comes the true centrum, 
or odontoid bone. 

The body of the scapula (Fig. 14) is 130 mm. long, 
including the glenoid cavity. The maximum diameter 
of this cavity is 33 mm. The procoracoid process is 
8G mm. long. It expands distally to a width of 32 
mm. The coracoid is 137 mm. long, measuring from 
the glenoid cavity. From its base it expands rapidly 
to a width of about 35 mm. • 



Fig. 14. Aspideretes singular is Hay. Right scapula and 
coracoid of type. X i. 



Fig. 15. Aspideretes 
singular is Hay. Right 
fore leg of type, dorsa L 
surface. X 
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The length of the humerus (Fig. 15), from the proximal surface of the 
head to the distal end, is 101 mm. The least diameter of the shaft is 12 mm. 
The width of the distal end is 36 inm. l^'he ulna is 43 mm. long, being 
relatively shorter, when compared with the humerus, than the same bone in 
Platypeliis spinifera. The radius is 49 mm. long. The bones of the carpus 
are as in the modern members of the family, there being radiale, nlnnre, 
intermedium^ pinforme^ cenirah^ and five distal carpals. 


The length of the first digit is 68 mm. Only the first 
and the second phalanges of the fourth digit are pre¬ 
served, so that it is impossible to say whether or not 
there were more than three altogether. Of the fifth 
digit there are present three phalanges, and there was 
probably a fourth. 

The pelvis (Fig. 16) resembles closely that of the 



Fig. 16. Aspidercles singulars IJay. Pelvis of type, 
seen from below. X i. 



Fig. 17. Aspideretes 
singularis Hay. Left 
hind leg of type, dorsal 
surface. Shows femur, 
tibia, fibula,and astra- 
galo-calcaiieum. X i. 


living species of trionychid mentioned above. The height of the acetabu¬ 
lum is two-thirds its length, being thus higher than in Platypeltis, Each 
pubis has a width of 88 mm. and is notched in front. 

The femur (Fig. 17) has a length of 113 mm. The head is oval, the 
shaft has a minimum diameter of 12 mm. and the distal end is 32 mm. wide. 
The tibia has an extreme length of 75 mm.; the fibula, 78 mm. The bones 
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of the ankle do not differ in form or structure from those of living forms of 
the family. Only the bases of the metatarsals have been preserved. They 
present nothing worthy of record. 

Platypeltis antiqua sp. nov. 

Fig. 18. 

The Cope collection of fossil reptiles has recently afforded a specimen 
of trionychid to which the above name is given. This specimen, No. 1030 
of the American Museum of Natural History, appears to have been collected 
by Mr. D. Baldwin, in 1883, in probably San Juan County, New Mexico. 
It was derived from Torrejon deposits. It presents wholes or portions of 
the costa Is of five pairs, five neural bones, some limb bones, and apparently 



Flg.|18. Platypeltis avtiquu Hay. Carapace of type. No. 1036, A. M. N. H. X 3. 

a portion of the plastron. The limbs and the plastral bones are imbedded 
in such a hard matrix that no attempt has been made to remove it. In the 
text-figure (Fig. 18) restored portions are enclosed by interrupted lines. 

The most anterior piece of bone is regarded as the left first costal. It 
is 20 mm. long from side to side, 13 mm. fore and aft. Its outer and an¬ 
terior borders are smooth and the anterior was not articulated suturally 
with any bone in front. That this bone w^as not the nuchal appears to be 
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shown by the fact that the inner anterior angle of the next bone behind is 
truncated, as if by a neural in front of its own. Moreover, the mesial border 
of the bone in question is a sutural border for union with a neural. Having 
sutural border in front it can not be the second costal. It is 
therefore evidently the first costal. The nuchal is missing and must have 
been, as in P. serialis, only loosely joined to the first neural and costals. 
It is restored from that of Plafypeliis spinifera. 

The line stretching across the five costals present on the left side is 75 mm. 
long. The length of the carapace was therefore about 100 mrn. The width 
of the disk was 78 mm.; but the ribs extended beyond this at least 18 mm. 
Evidently the carapace was relatively shorter and broader than that of P. 
serialis. 

That there were only seven pairs of costals is concluded from the fact 
that the outer border of the fifth costal is directed so strongly inward that the 
seventh costal must have been very short, leaving no room for the eighth 
costals. 

The hinder portion of the first neural is present. Ti'here is no trace of a 
preneiiral. Therefore, the genus Platypeliis is indi(*ated. The following 
are the dimensions (in millimeters) of the neurals measurable: 


Neural Length Width 

2 14 10 

3 16 9 

4 15 8 

5 12 6 


It is probable that the first neural was not so wide as it is represented 
in the figure.^ It it also probable that there was a small sixth neural. The 
neurals are from 2.5 mm. to 3 mm. thick. 

The surface of the carapace presents no welts, but is everyv here pitted. 
Of the pits there are, at the proximal ends of the costals and on the neurals, 
six in a line 10 min. long; on the outer ends of the costals, five in a line 10 mm. 
long. 

This species differs from P, serialis, of the Wasatch and Bridger, in 
having no welts on the upper surface and in having smaller pits. From 
P. trionychoides of the Bridger, it differs in having coarser pits, as well as in 
other respects. 

Platypeltis anmicola sp. nov. 

Plate LIV, Figs. 5, 6, and Text-fig. 19. 

This specific name is ap])lied to an incomplete and fragmentary shell 
which was collected in 1906 by the American Museum’s expedition into the 
Wasatch beds of southwestern Wyoming. The specimen consists of two 
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neurals and a part of a third, enough fragments to constitute apparently 
nearly the whole of the costals, but w’hich have not yet been put together, 
most of the hyoplastron and hypoplastron of the left side, and the inner 
'ends of those of the right side. The specimen was found on Bitter Creek 
and has the catalogue number 6044. 

The carapace had apparently a length of about 280 inm., and a width 
of about 200 mm.; but the ratio of the width to the length may have been 
greater. The costals n'semblc in thickness and scul[)ture those of Plaiy- 
peltis heteroglypta, and it is possible but not probal)le that the individual 
belongs to that species. However, the thickness of the costals, at the outer 
(mds at least, apj)ears to be less, being 5 mm. or less at the sutural border, 



Fir. 19. PlatyjifUifi amnicoUi Hay. Left hyoplastron and hypoplastron of type. No. 
'6044, A. M. N. H. Tartly lestored. X i. 

from 7 mm. to 9 mm. through the rib. At the neural border the thickness 
is 7 mm. One Costal is 46 mm. wide at the distal end; another, apparently 
the right fifth (Plate LIV, Fig. 6), is 41 mm. wide distally. The left sixth 
is 36 mm. wide dLstally. The right eighth is present, sliglitly damaged. 
Evidently it was enclosed in a notch in the seventh. It is 20 mm. long, 
fore and aft; the width was slightly greater. The free borders of the 
<!ostals are beveled off obliquely. What is regarded as the third neural 
(Plate TjIV, Fig. 5) has a length of 36 mm., a width of 2o mm. at the hinder 
end, and a thickness of 6 mm. 

The sculpture consists of pits surrounded by walls with rounded summits. 
Near the free borders of the shell (Plate LIV, Fig. 6) tlie pits are arranged 
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somewhat in rows parallel with the border. Toward the proximal ends of 
the costals the pits become larger, apparently by the coalescence of the 
smaller pits. Of the smaller pits there are six or seven in a line 20 mm. long. 
The pits near the neural boi*ders of the costals and on the neurals (Plate LIV, 
Fig. 5) may be two or three times as large, and are arranged irregularly. 

What apfM^ars to be the right outer end of the nuchal is present. Differ¬ 
ently from P. hefcroyli/ptay the sculptured layer seems to have extended 
to the end of the bone. 

Of the left hyoplastroii and hypoplastron a portion across the bridge is 
missing. Tlie length of the suture between the two bones appears to have 
been about 120 mm. Where narrowest the bridge was 45 mm. wide, and 
here the bones are ^ibout 13 min. in thickness. Of the width of the bridge 
the hyoplastron occupies 20 mm. The notch for the xiphiplastron is missing 
but it could have had little dc})th. 

The whole lower surfacjc of these plastral bones, except the processes, 
is covered with pits and ridges. The pits are considerably smaller than those 
of the carapace, there being usually five in a line 10 mm. long. 

Platypeltis trepida sp. nov. 

Plate TdV, Fig. 7, and Text-fig. 20. 

The type of the present species was found in the year 1905, by a memb.u’ 
of the American Museum\s exjx'dition into the Hridger beds of Wyoming. 
The locality at which it was secured is Grizzly Buttes; the level is that 
designated as B, 2. The catalogue number of the specimen is 5925. 

The nuchal bone of the specimen is wanting, as well as large parts of the 
costals of the right side, and all the neunds ('xcept the fourth and the fifth. 
On the left side most of the sixth costal and all (d* the seventh are wanting. 
In the figure those bones and parts of bones present are enclosed by solid 
lines; the restored parts by interrupted lines. 

The individual (Fig. 20) was a small one, the total length having originally 
been about 100 mm. The distance from the anterior border of the first 
costal to the hinder border of the fifth at its outer end is 77 mm. The 
breadth of the disk is 92 mm. Beyond the free border the ribs extended at 
least 15 mm. 

The fourth neural is 11 mm. long and 9 mm. wide; the fifth is 10 min. 
long and 8 mm. wide. Each of these has a low but distinct median keel. 
The costals are thin, the thickness being 2 mm. or less. The first is 16 mm. 
wide; the second is 12 mm. wide at the proximal end. The anterior border 
of the first shows that it was united to the nuchal bone by a jagged suture. 

The costals are traversed by a number of longitudinal ridges which are 
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but little more conspicuous than the other ridges between the pits. The 
pits are mostly in rows parallel with the more conspicuous ridges. Of the 
pits there are from five to seven in a line 10 mm. long. Those on the outer 
ends of the costals are somewhat the lai^er. 



Fiff. 20. Platypeltis irepida Hay. Oarai)acc of type. No. 5925, A. M. N. II Partly 
restorea. X if. 

This species difl'ers from the specimens referred to Platypeltis serialis 
(Plasiowenvs serialis Cope) in the closer union of the nuchal and first costal, 
in the presence of a keel on at least some of the ncurals, and in the finer 
sculpture of the carapace. 


EXPLANATION OF PLATE LIV. 

All of the figures are of the size of nature and are presented to illustrate the 
details of the sculpture. 

Figs. 1-3. Plasiomenus acupictus Hay. 

Fig. 1. Portions of two anterior costal bones. 

Fig. 2. Portion of sixth and whole of seventh left costals. 

Fig. 3. Left hypoplastron and xiphiphistron. 

Fig. 4. Aspideretes mufularis Hay. Distal end of fourth left costal. 

Figs. 5, 6. Plaiypeltu amnicola Hay. 

Fig. 5. Supposed third neural, with contiguous ends of costals. 

Fig. 6. Supposed right fifth costal. 

Fig. 7. Platypeltis trepida Hay. Median and left portions of the carapace. 
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Article XXXV.— REVISJON OF THE MIOCENE AND PLIO¬ 
CENE EQUIIX^ OF NORTH AMERICA. 

By James Williams Gidley. 

Witli an introductory Note by Henry Fairfield Osborn. 


iNTROnUCTORY NoTE. 

Tlie American Museum collection of Horses — from the Eocene to the 
Pleistocene inclusive — now numbers several thousand specimens, includ¬ 
ing nearly fifty typt\s and about as many casts of types. It is desired 
gradually, as o))])()rtunity ])ermits, to make this type collection absolutely 
com])lete either through originals or easts. 

The first step towards a thorough understanding of the Equidte is a 
systematic nnision of all thc^ generic and specific names which have been 
propos(‘d, and of the characters of the valid genera and species, starting 
with an exact study [ind comparison of the type specimens. As planned 
this is being doiui by coojx^ration of the writer, of Mr. Walter Granger of 
the American Museum staff, and csjiecially of Mr. J. W, Gidley, formerly 
of this Muscaim, now of the United States National Museum, and the author 
of the present paper, wdio has mad(‘ a specialty of th(‘ horse from tluj Oligo- 
cene to the Pleistocene inclusive. 

The list of these revisions, as comi)l<‘ted or in progress, is as follows; 

Pleistocene. 

Tooth Characters and Revision of the North American Species of the (Jenus 
Eqmis, By J. W. Gidley. Bull. Am. Mas. Nat. Hist., Vol. XIV, 1901, pp. 91-141, 
pll. xvii-xxi, and 27 text figures. 

Miocene and Pliocene. 

Proper Generic Names of Miocene Horses. By J. W. Gidley. Bull. Ainer. Mus. 
Nat. Hist., Vol. XX, 1901, pp. 191 194. 

Revision of fhe Miocene and I’liocene Horses of North America. By J. W. 
Gidley. Bull. Arner. Mus. Nat. Hist., Vol. XXTTI, 1907, pp. 865-932. 

Oligocene of the WhUc River. 

New Oligocene Horses. By H. F. Osborn. Bull. Amer. Mus. Nat. Hist., Vol. 
XX, 1904, pp. 167-179, pll. iv and v, and 8 text figures. 
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Eocene. 

North American Eocene Horses. (In Preparation.) By Walter Granger. 

In order to spread the more exact knowledge of the American Horses — 
and to make our own collection more comprehensive — the Museum has 
made a series of casts of the skulls, teeth and feet, of typical specimens 
which are to be used in exchange for similar casts, or preferably original 
duplicates, from other Museums. As soon as the monograph on the Equida; 
is completed the Museum will also be ready to exchange a large part of its 
original duplicate collection, but for the present it Is desirable to retain all 
such specimens for the purpose of coin})arative study of growtli changes 
and variations.— II. F. O. 


Introduction. 

This revision has necessitated not only a restudy and comparison of all 
the availabl(‘ tyiM^s, rcj)rcscnting upwards of fifty pr()[)()S(‘d species, but a 
systematic and exhaustive study of all other available horse matcTial from 
the American Miocene and Pliocene deposits. The great amount of more 
complete and bett(^r collected sf)eciinens, obtained by the expeditions of 
later years, especially those of the American Museum made possible through 
the gcmcrosity of the late William C. Whitney, has been a large factor in 
clearing u]) many points regarding the determination and classification of 
species. 

I wish hen* to acknowledge my indebtedness to Prof. Henry F. Osborn 
for placing this inat<Tial in my hands for revision, and my es])ecial apjirecia- 
tion of his valuable aid and that of Dr. W. I). Matthew in systcmiatically 
laying out the work, and for their many helpful suggestions and kindly 
criticism. 

At th(^ beginning of this w^ork it was found that, as in the case of the 
Nortli American sp<H*i(\s of the genus Efjuus,^ our knowledge of the Miocene 
and Pliocene horses has b<‘eri obtain(‘d largely from mat(Tial of a most 
fragnientarv nature, in many instances consisting of single isolated teeth. 
In consequence there has been on the part of early writers a vtTV limited 
understanding even of fundamental characters re^garding the general tooth 
structure of horses. The effects of age-wear and the limits of individual 
variation liave often not b(‘en taken sufficiently into account, and in many 
case's inve'.stigators have; failed to dLstinguish be*tween the decieliious anel 

1 Tooth juk] tU-MsioTi of the North Aiiioiican Spocios of PJquus. Bull. Amer. 

Mus. Nat. Hist , Vo]. XVl, iue)l, p]). 91-142. 
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permanent dentitioas. These causes have frequently led to confusion in 
determining both genera and species, and has resulted in errors of classifi¬ 
cation. 

One of the important results of this study has been to show the necessity 
of a partial rearrangement of the Equidic as a whole. The species of 
the family may now be grouped provisionally under four distinct subfami¬ 
lies, as defined below. 


I. Provisional Auuangkment of the North American Equidas. 


Homes until Four Toes and Short'-crowried Teeth. Eocene. 

I. Hyracotheriiiue Cope. Tooth braohyodont; inolarifonii preinolars not more 
than two; digit fomnda 4 -3; rudiiriontary fifth digit on hind foot; 1st digit of fore 
foot not represented in known fonns. Orbit not closed behind. 

This subfamily includes all tlie known Eocene genera of horses. 

Horses with Three Toes and Short-crowned Teeth. Oligocene, Miocene. 

II. Anchitheriinse I^eidy. Teeth braohyodont; molariforra preinolars three; digit 
formula 3-3; 5t h digit on fore foot vestigial; 1st digit of fore foot not represented 
in known forms; lateral to('s, so far as known, reaoliing the ground; orbit not 
closed behind. 

A. Inner cones {frr and hy) larger than median conules (pi and ml); protocone 
oecujyying more than one half the transverse diameter of the crown; prefossette con¬ 
tinuous until inner mediari valley; no anUrior median fold of metaloj)h (crotliet). 

1. Metaloph not united with ectoloph; protoconule distinct, coniform; mj 

and p, largest of lower series. The points of greatest transverse width are the 
anterior half of m, and i)ost,erior half of p^. Mesohippus. 

2. Metaloph completely united with the ectoloph; protoconule distinct, 
coniform; Pa and p.^ largest of lower series, subequal in transverse width. 

A ncMtherium. 

3. Metaloj)!! comidetcly united with ectoloph; protoconiile and metaconule 

nearly or quite lost in the continuous transverse lophs; m, and p^ largest of the 
lower series, subcqual in transverse width; metastylid undeveloped, or but 
slightly separated from the inetaconid. Hypohippus. 

B. Inner cones (pr and hy) larger than median conules (pi and ml); protocone 
occupifing less than one half the transverse diameter of the crown; metaloph completely 
united with the ectoloph; protoconule distinct, coniform. 

4 Prefossette partially inclosed by a well defined anterior median fold 
(crochet) of the metaloph; p^ and pg largest of the lower series, subequal in 
transverse width; metastylid separated more or less distinctly from the meta- 
conid . Parahi ppus . 
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5. Metaloph A\ithout anterior median fold; p^(^fosset<e continuous with 
inner median valley; p^ probably not larger than m, as indicated by the com¬ 
paratively large upper true molars. Arrhfrohipjms. 

C. Jnner conulcs {pr and hy) smaller than median coyiules (pi and 7nl) protoconule 
semi-crescentic; partially or completely united ivith the metaloph] orbit completely 
inclosed; dUjits of fore foot all re^yresented, hut with 1st and 5th vestigial. 

inclu(k‘s hypothelical genera, not as yet discovered, niore*directly ancestral 
to the Protohip])iiue. 

Horses with Three Toes and Long-crowned Teeth. Miocene. 

III. Protohippinffi ’ noin nov. Teeth hypsodont; cement a functional i)ar( of 
the tooth crown, at least, in the adult series; digit formula 3-3; lateral digils (2tl and 
4th) not reaching tin* ground so far as known; 1st and 5tli digits of fore foot jiresent 
but vestigial, being represent( hI by noduh‘s of bone in all knoAvn forms; c>rbit closed 
behind. 

Additional characters are: protoconule and metaconule large, crescentic in out¬ 
line and completely inclosing the ])re- and post-fossettes resfiectively; protocone 
and hypocone smaller than median conules (])1 and ml); metaconid and metastylid 
subequal and comjiletely divided internally by a continuous groove* 

A. MiR molars hrnchyodoni to suhhypsodont, ivith little or nif cement: permanent 
inolars short-hypsodont, height of crowns at tout equalinif tin ir anteroposli nor diam¬ 
eters; check te<th heavily cemented, with C( merit a functional jiart of the crown. 

1. Protocone free* to comj)let(*ly united with protoconule; laclnymal fossa* 
shallow to well defined; malar fossa* well defined to wanting Mi ri/chippus. 

B. Al'ilk and permanent molars hypsodont, well cemented, protocone completely 
united with protoconule; molar crowns not more than twice the length of their antero¬ 
posterior diameters, crowns of up]ier molars mod(rately curved; fossettes broad 
transversely, with open ecrtcrnal loops and simple enamel foldings; inner wall of 
protoconule flat to roncari; lateral toes much redveeel, probably not functional. 

2. Lachr^mial fossa shallow, borders not sharply defiiu*d; malar fossa shal¬ 
low'or w^aiiting . . . . ’. Protohippus. 

3. Lachrymal and malar fossa* large and partially confluent, with posterior 

borders sharply defined. .... Plwhippus. 

1. Characters like those of 3, except that the protocone and hypocone are 
partially to completely united. Protohippus or Pliohippus. 

C. Both milk and permanent molars hypsodont and well cemented; protocone free 
from protoconule except at base; molar crowns more than twice the length of thiir 
anteroposterior diameters; crowns of upper molars comparatively straUght; inner 
wall of protoconule flat to Comdex, giving a transversely com pressed appearance to the 
prefossette. 

5. Enamel foldings of fossette borders complex; protocone comparatively 

iProtohlpplnse replaces Hippotlieriinse Cope, which cun no longer be employed since the 
genus name liippoihcrium is antedated by Hipparion. 
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small, and more or loss circular in cross-section; lachrymal fossa large and 
infolded into a ^^ell defined pit posteriorly; malar fossa shallow or wanting; 
lateral toes largo. Hip par ion. 

6. Knamel foldings of fossette borders comparatively simple; protocone 
comparatively large, and laterally (5omj)resscd; lachrymal fossa shallow, bor¬ 
ders not sharply defined; malar fossa shallow or anting; lower border of 
mandibular rami deeply bowed; lateral toes much reduced. . Ki^olnpparum, 

D. >So jar as known, sjKncs dmmivtwc as compared unth those of 2, 3, 4, a7id 6 of 
Ji and C. Milk and pirmanejit molars hypsodont, well cemented; molar crowns 
more iha7i twice the length oj their anteroposlerwr diameters, upjjer inolar croicns 
comparatively straight, so far as known, lachrymal fossa cowparativehj small and, 
shallow; 7nalar fossa shalhnv or nwitwg; so far as knonm, lateral toes 7rmch reduced. 

2a. Protocone comj>letely united with protoconule to summit; fossettes 
wdth simple enanu*! borders; lower borders of mandilimlar rami nearly straight. 

Protohippus placidvs 

6e. Protocone fr<‘e or partially free from protoconule exce])t at base; fos¬ 
settes with moderately complex enamel borders; lower border of mandibular 
rami deeply bowed . . . Neohipparion gratum. 

Horses ivith One Toe and Long-ennened Teeth. Pliocene, Pleistocene and Recent. 

IV. Equinse Osborn. Tooth crowns hypsodont; cement a functional part of the 
teeth; digit fonnula 1-1; 1st and .5th digits wanting; 2d and 4th digits represented 
by “splints’’; bicipital groo\e of humerus double; orbit closed behind. 

A. Limbs sh(wt: tooth crovms shoii hypsodont, tipper molars deeply cm red. 

1. Molar crowns less than twice the height of their anteroposterior diam¬ 

eters; upper molars with ])rotocone small and cylindric, but united with pro- 
toconulc to summit . ... . Htppidion. 

B. Limbs long, tooth crowns long; upper molars straight or but slightly cui'ved. 

2. Molars more than twice the length of their anteroposterior diameter; 

UfifHM- molars with ])rotocone large, laterally comjiressed and united with pro¬ 
toconule to summit . . . . . . Equus. 

In tooth diara<’t(*rs Ilippidioii has more the affinities of group B of the 
Protohippinae. 

While })hyIogeny has by no means bemi ignored, the above groiqiing 
and definition of the subdivisions of the Equiche are founded on a basis of 
structural affinities rather than on })liylogenetie relations. 

Thus, wliile the four subfamilies undoubtedly represemt as many succes¬ 
sive stages in the evolution of the horse, forms directly ancestral to the known 
genera of the hiter groujis probably are not re])resented by known genera 
of tlie same or earlier groujxs. It is moreover evident, from a study ot the 
abundant material at hand, that altliough the general lin(‘s of })rogressive 
development are clearly indicated and several distinct lines of subphyla 
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suggested, the direct lines of descent are by no means complete and the 
known genera cannot at present be arranged in any permanent phyletic 
series. 

It is further indicated that the different genera of horses hitherto proposed 
may or may not represent groups of closely allied species, hence it is difficult 
in many instances to positively refer a species to its proper genus owing to 
the overlapping and apparent intermixing of characters to which generic 
values have been given. 

It will be noted that the morphological distinctions between the two inter¬ 
mediate groups, the Ancliithcriinai and Protohippinse of the above arrange¬ 
ment, are very clearly marked, indicating a considerable phyletic hiatus 
which is not bridged over by any species thus far discovered. This may be 
considered sufficient ground for dividing the great group into two distinct 
families, as has been done by Gill.^ However, I prefer for the present to 
hold the above arrangement, filling in the gap with the hypothetical group 
defined under division C. of the Anchitheriinjc. 


I Arrangement of Faimlies of Mammals^ Theodore Gill, 1872, p. 104. Smithsonian Mis¬ 
cellaneous Collection, Vol. XI, 1874, p. 84. 
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The probable relations of the four subfamilies as above defined are 
suggested in the following diagram. 



Chronological Table of Proposed Genera and Species of Miocene Horses Reported from North America. 
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II. Revision of the Miocene and Pliocene EQUiDi®. 

The types and original descriptions are given in chronological order, 
and the notation corresponds to that of the chronological table. 

1. Hippodon .speciosvs T^eidy. 

Hippodon speciosus Leidy, Proo. Acad. Nat. Sci. Phila., 1854, p. 90. 

Type: a lower molar. (Type specimen not located.) 

Type hcaliiy, Bijou Hills, South Dakota (“Nebraska Territory’’). 

Horizon: Middle or Upper Miocene. 

Aufhm\s descriptixm (op. rit). ‘‘An inferior molar of a solipedal animal, 
apparently intermediate to Equwt and Anchitherixim'* 

The definition given by Trendy is inadequate. Moreover the type being 
a lower molar would probably show no distinguishing characters, even if 
located. The genus and species are therefore indeterminate. 

2. Neohipparion occidentale (Leidy), 

Hipparion occidcritalr Taciuy, Proc. Acad. Nat. Sci. Phila., 1856, p. 59. 

Hippoiherium ovcidevtale Cope, Proc. Ainer. Phil. Soc , XXIII, 1886, p. 359. 

Type: Four u|)per teeth, apparently of a single individual (rt. p^, p®, 
and m^ and 1. (No. 3, Phila. Acad. Nat.Sci. coll.); No. 10794, cast, 
Am. Mus. Nat. Hist. coll.). 

Txjpe localify: Little White River, So. Dak. (“Nebraska Territory”). 

Horizon: Up})er Miocen(\ Nebraskii. 

Axiihors description (op. clf.): “The internal isolated enamel column 
of the upper molars, on the worn crown, is elliptical and more than twice 
the length of th(^ breadth. The central <*olumn of the same teeth are com¬ 
paratively moderately folded.” 

M easuremervts. ^ 

Diameters of p-: aiitcropost.31.5 mm., transv. . ... 23.5 mm. 

“ .26.5 “ “ ..25 

<< “ ra^: “ .23 “ .22 

Anteroposterior diameter of protocones, p^ 8 mm., p^ 10 mm., m^ 8 mm. 

To the description given by Ix^idy the following characters may be ad ied: 


1 As the mcasurenieiUs K"eii t»y Leidy, Cope and others were not always taken in a uni¬ 
form way, some measurements iiieluding cement ami otliers not including it, I have remeasured 
the type specimens where practicaide. Trans\ erse cJiameters are 1 akeu across the mesostyle and 
the posterior half of the piotocone, exclusive of cement. 
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(1) The enamel foldings or plications of the fossette borders in the upper 
molariform teeth are comparatively complicated but not so elaborate as is 
usual in the European species of Hipparion, (2) The free protocone is 
relatively large, and flat-elliptical in cross section; (3) hypocone small, about 
one half the size of the protocone; (4) upper premolars relatively long 
anteroposteriorly; (5) molars, compared with the premolars, comparatively 
small; (6) tooth crowns long and but slightly curved. 

The skull and foot characters of this species are not known. 

3. MerycMppus insignis Leidy, 

Merychippus insignis Leidy, Proc. Acad. Nat. Sci. Pliila., Dec. 1856, p. 311; ibid., 

May 1858, p. 27. 

Protohippus insignis (Leidy) Cope, Bull. U. S. Geol. & Geog. Surv. Terr., Ser. 1, No. 

1, 1884, p. 13. 

Type: Two right upper milk molars, dp^ and dp*, in a fragment of the 
maxillary (No. .. .Phila. Acad. Nat. Sci. coll.; No. 10770 cast. Am. Mus. 
Nat. Hist. coll.). 

Type locality: Bijou Hills, South Dakota. 

Horizon: Middle or Upper Miocene. 

Auihor\^ description (op, cit.): ‘‘The teeth are inserted by distinct fangs; 
and the crowns strikingly resemble the true molars of ruminants. There 
are four dcmiconoidal lol)es holding the relationship with one another as in 
the latter, (especially as in the Deer. The outer lobes have almost the exact 
form as in the true molars of Oreodon, The inner lobes resemble those of 
ruminants but are complicated with accessory folds as in the horse. No 
cement fills up the interspaces of the lobes nor does it a])pear to have existed 
as a part of the structure of these teeth.’’ 

Measurements, 

Diameters of dp^: anteropost.22+ mm.transv. 17.5 mm. 

“ dp*: “ .22 . 19 mm. 

Although founded on teeth of the deciduous series, this genus is well, 
characterized and the permanent molars are now well known from numerous 
specimens in the American Museum collections from the Pawnee Buttes, 
Colorado, loc*ality. These specimens represent several species of horses 
especially distinguished by their brachyodont milk molars with little or no 
cement and short but truly hypsodont permanent teeth in which cement is 
a functional part of the tooth crown. In Protohippus, Hipparion and Neo- 
hipparion the milk molars are hypsodont in form and are heavily invested 
with cement which is a functional part of the tooth, while the permanent 
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series are longer crowned and more progressive in general than those of 
Merychippus; thus the genus is clearly distinct and was well founded, and 
may not be united wdth Protohippus as suggested by Co|)e. 

The characters of the type species are less clearly indicated since it is 
knowm only from the type specimen. However it may be distinguished by 
(1) its moderately large size (see measurements); (2) the conical form of 
the protocone and liyi^ocone; (3) the com})aratively deep enamel foldings 
of the walls of the metaloph; and (4) the w^ell marked ribs on the external 
walls of the paracone and inetacone. These characters apply only to the 
milk molars. 


4. Hipparinn (Hippodon) speciomm Ixudy. 

Ilipparion {Hippodoo) speciosurn Leidy, Proc. Acad. Nat. Sci. Phila., 1856, p. 311. 
Hippotherium spcciosum Cope, non I^eidy, Kept. U. S. Cleog. Surv. W. of 100th 
Merid., 1877, p. 322, j)l. Ixxv, fig. 3. 

Type: Same as Hippodon sprriosvm. Parafypes, a, an uinvorn upper 
molar of Proiohippus s]).; h, an upper molar of Neohipparion sp.; c, an 
Uf)per molar of Neohipparion sj). 2; dy a lower molar of uncertain reference. 
(These s))ecimens are in th(' U. S. National Museum collection.) 

Tyj}€ locality: Bijou Hills, So. Dak. 

Honzon : Middle or Upi)er Miocene. 

Antla}r\H description (op, cit.): ^‘Accompanying an inferior molar, there 
is an uinvorn u])p(n* molar and jiortions of three other upper molars, worn 
away in various degrees, whit^h appear to be the teeth of Ilipparion^ and 
appear to belong to the same animal a^ the tooth referred to Hippodon.” 

In this description no distinctive characters were given by Leidy, and 
the specimens themselves only shoAv characters sufficient to establish the 
fact that there are several species represented in this composite lot referable 
to tw^o distinct genera. The teeth referred to this species by Cope (op. cit.) 
are smaller than those described by L(ddy, and, moreover, are of the shorter 
crowned type, of the Merychippus group. The species, therefore, as pro¬ 
posed by licidy remains indeterminable. 

o. Hypohippus affinis Leidy, 

Anchitherium {Hypohipjms) afjinis Leidy, Proc. Acad. Nat. Sci. Phila., Mar. 1858, 

p. 26. 

Hypohippus affiyiis Leidy, Jour. Acad. Sci. Phila. (2), VII, 1869, p. 311. 

Protohippus affinu Cope, Fourth Ann. Report Texas Geol. Surv., 1893, p. 20. 

Type: Fourth upper milk molar, dp^, of left side (No. 573, LI. S. National 
Museum coll., No. 10771, cast, Amer. Mus. Nat. Hist. coll.). 
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Type hcaliiy: Niobrara River near Fort Niobrara, Nebraska. 

Horizon: Upper Miocene, Nebraska beds. 

Author*s description of genus and species {op, cit,) : . the same form 

[of upper molar] as the corresponding teeth of Anchitheriumf except that 
the outer surfaces of its external lobes present no trace of median rising. 
It indicates an animal larger than A, aurelianense and about the size of 
Paleoikerium crassum.** 

Measurements, 

Diameters of dp^: anteroposterior . ,. .27 mm., transverse .. .. 28 mm. 

This genus, though based on a single upper milk molar, has, like Mery- 
chippus, since become well established through later discoveries of more 
complete material. The charaeters of the genus are especially well shown 
in the specimen described by Scott under the name of Anrhithcrium equimm, 
and several well preserved spc^cimens in the American Museum, including 
a nearly complete skeleton. The genus may now be more definitely char¬ 
acterized as follows: (1) Both deciduous and j)ermanent rnolariform teeth 
brachyodont in form, with little or no cement; (2) external walls of para- 
cone and metacone concave and without external median ribs; (3) j^roto- 
cone and hypocone comparatively large and coni(‘al, with the protoeone 
about one fourth larger than the hypocone; (4) protoconule and metaconule 
much reduced, or undeveloped, being nearly obscured in tlie continuous 
transverse lophs (protoloph and metaloph); (5) metaconid and metastylid 
of lower teeth undivided or but slightly divided by a shallow notch at their 
summit; (0) p 4 and are the largest of the lower series and of etpial trans¬ 
verse width. 

The upper molars of Ilypohippus are especially distinguished from 
those of Anchifherium aurelianense by (1) the (*omparatively larger and more 
rounded protocone; (2) the more complete union of the metaloph with the 
ectoloph; (3) the more nearly continuous ])rotoloph, with a less distinct 
protoconule; and (4) by the proportionately larger last upper molar, m^. 

Hypohippus is distinguished from Mesohippus by the following impor¬ 
tant characters: (1) the more progressive develoj)ment of all the lophs of 
the upper molars; (2) the completely inclosed posterior fossette; (3) the 
proportionally larger and more rounded protocone; and (4) the develop¬ 
ment in the latter of a deep lachrymal pit in the facial region of the skull. 

The skeletal characters will be discussed under the description of a new 
species of this genus. 
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6. Parahippus cognatus Leidy, 

Amhitherium {Parahippus) cognatus Leidy, Proc. Acad. Nat. Sci. Phila., 1868, 

p. 26. 

Parahippus cognatus Leidy, Jour. Acad. Nat. Sci. Phila. (2), Vol. VII, 1869, p. 

314. 

Protohi/ppus perditus (Leidy) Cope. Fourth Ann. Kept. Texas Geol. Surv., 1893, 

p. 20. 

Type: Three upper milk molars of the left side (No. 567 U. S. National 
Museum coll.; No. 10772, east, Amer. Mus. Nat. Hist. coll. 

Type locality: Niobrara lliver, near Fort Niobrara, Nebraska. 

Horizon: Upper Miocene, Nebraska beds. 

Author\s description (op. cif.). ‘'The Niobrara collection contains three 
isolated unworn crowns of upper molar teeth, which have the same form as 
the upper deciduous molars of Anchitherium Bairdi or A. aurelianense, ex¬ 
cept thfit the outer extremity of the prolongation of the postero-internal lobe 
branches into several short folds: these latter have the same arrangement 
as similar but more numerous folds in the same position in Menjehippm.” 

M easuremenls. 

Diameters of dp’-^-: anteropost.. . .2.5 mm., transv. . .18 mm. 

“ dp^: “ .19 . .20 

“ '' dp-i-: . . .20 “ . . .20 “ 

Again milk molars were taken to establish the type species of a genus, 
and like those of Merychippiis and Hypohippus, were later regarded by 
Cope as representing the milk dentition of some species of Profohippus. 
That Cope was again in error is abundantly proven by a restudy of the types 
and of additional and better material representing both milk and adult teeth. 
Tlie genus Parahippus as now understood may be more fully defined as 
follows: (1) Both milk and permanent molars brachyodont; (2) cement 
thin or wanting, not a functional part of the tooth; (3) inner cones (pr and 
hy) larger than the median conules (pi and ml) although (4) th(i ])rotocone 
occupies less than half the transverse diameter of the crown; (5) protoco- 
nule distinct, coneform; (G) pre-fossette partially inclosiMl by a well defined 
anterior median fold (crochet) of the ractaloph; and ((>) pg and p 4 largest 
of the lower s(*ries, subequal in transverse width. This definition is capable 
of including Anrhippiis texanus Ticidy, Anchippus hrevidens Marsh and 
Desmaiippvs crenulens Scott, all of which I regard as species of Parahippus. 

The genus Parahipjnis is esi^iecially distinguished from Merychippiis 
insignus and other sjiecies of the genus Merychippus by (1) the simple 
lophoid form and much smaller proportions of the median conules, pi and 
ml, together with tlie correspondingly large cone-like inner cusps, pr and hy, 
November, 1907.] 
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which, though more reduced than in Hypohipjms, still form a part of the 
internal boundaries of the pre- and post-fossettes respectively. In the milk 
as well as the permanent teeth of Merychippus insignisy the proportions 
of the inner cones and median conules are reversed, and the protocone and 
hypocone are entirely excluded from the fossettes by the large crescentic 
conules. 


7. Protohippus perditus Leidy. 

Eguus (Protohippus) perditus Leidy, Tree. Acad. Nat. Sci. Phila., 1858, p. 26. 
Protohippus prdilus Leidy, Jour. Acad. Nat. Sci. lliila. (2), 1869, p. 27.5. 
Merychippus perditus (Leidy) Cope, Airier. Nat., Vol. XXVI, 1892, p. 94;L 
Protohippus perditus Leidy, (Jidley', Bull. Atner. Mus. Nat. Hist., Vol. XXII, 
1906, p. 136. 

Type: A fragment of upper jaw containing the four posterior cheek 
teeth, p^ to m^ (No. 619, U. S. National Museum coll.; No. 10773, cast, 
Amer. Museum coll.). Neofype: A nearly complete skull (No. 10S38, 
Amcr. Museum coll.). 

Type locality: Niobrara Hivor near Fort Niobrara, Nidiraska. Locality 
of neotype, Little White River, near Rosebud Indian Agency, So. Dakota. 
Horizon: Upper Miocene, Nebraska beds. Same for neolype. 

A%iihor\s description {op, cit,): “^Jlie portion of jaw is like the corre¬ 
sponding part ill the recent Hoi*se. .. . The enamel folds on the triturating 
surfaces an* even less conifjlex than in the recent Horse, and the antero- 
internal fold t)r column has the same form, ilirection and mode of construc¬ 
tion as the postero-internal one.’^ 


Measurements. 


Dianieters of p+ aiitcropost. 

20 mill., triinsv 

22 

“ ini' ‘‘ 

. 19.r) “ “ 

21.5 

“ “ in^-; 

19.5 “ 

21 


20 “ 

17.5 

Height of crown of p4^. ,. . 


36 

Total length of series, pi to m- . 


. .78.5 


The type of this classical genus was founded on a fairly characteristic 
specimen of an adult individual, but Leidy’s definition is far too general in 
character to be diagnostic. Cope redefined the genus, but he also made its 
limits too broad by including in it several species properly belonging toother 
genera. 

The genus is now capable of a more definite and restricted definition 
as follows: (1) Milk molars as well as those of the permanent series hypso- 
dont, with cement a functional part of the crown; (2) molar crowns of 
permanent series longer than those of Merychippus but not more than twice 
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the length of their anteroposterior diameters; (3) crowns of upper molars 
moderately curved; (4) fossettes of uppers molar broad and open transversely 
with well rounded external loops, (5) and simple enamel walls; (6) lateral 
toes greatly reduced and probably not functional, a character attained by 
most of the Miocene genera including some species of the Anchitheriinse 
group. 

The neotype, described by the writer in a former volume of this Bulletin 
(op. cit.)f makes possible a more extended description of P. perditus. The 
palate is only moderately archerl, except immediately forward of the pre¬ 
molar series where it is especially high. Tlie maxillaries are deeply con¬ 
stricted in this region, and the anterior palatal foramina are small, oval in 
outline and situated opposite the canines. The basisphenoid is short and 
broad, and is overlapped by the vomer. 

The characters which especially distinguish the type species of this 
genus are: (1) Its moderately small size, which is less than that of the 
modern Donkey; (2) the laterally compressed and backwardly directed 
protocone and hypocone of the upper molars; (3) the shallow, not sharply 
defined, hichrjTnal fossa; and (4) the rudimental condition or entire ab¬ 
sence of the malar fossa. 

8. Pliohippus mirabilis (Leidy). 

Merychippus 7mrahili8 Leidy, Proc. Acad. Nat. Sci. Phila., 1858, p. 27. 

Protohippus mirabilis (Leidy) Cope, Ainer. Nat., Vol. XXVI, 1892, p. 943. 

Type: A fragment of the right maxillary containing the posterior two 
milk molars, and the first true molar partially calcified. (No. 569, U. S. 
National Museum coll.) 

Type locality: Niobrara Biver, near Fort Niobrara, Nebraska. 

Horizon: Upper Miocene, Nebraska formation. 

Author's description (op. cAt.): “The temporary molars have the same 
form as the teetli from which the genus [Merychippus^ was first character¬ 
ized would have, in a more worn condition. They are invested with cemen- 
tuin, though in less quantity than is usual in the Horse, and it is more readily 
detached, which ap|Hnirs to have been the case in the two teeth from Bijou 
Hill. The crowns of the permanent teeth contained within the fragment 
of jaw under ex-ainination have the same form as the corresponding teeth of 
the recent Horse, with the modifications above noticed [in describing Pro- 
tohipjms perditus] characterizing the subgenus Protohippus." 

Measurements. 

Diameters of dp^ : anteropost.24 mm., transv .. .21 mm. 

dp'i: .26 “ “ .21 

“ml: .25 .22 
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This species, originally referred to Merychippus by Leidy, has more the 
characters of the Proiohippus group to which it was later assigned by Cope. 
The milk molars, though short-crowned, are of the true hypsodont type, 
and are invested with a considerable deposit of cement which is a functional 
part of the crown. This sufficiently distinguishes it from the species of 
Merychippus, It difl*ers from the Proiohippus perditus type in (1) its 
greater size; (2) the relatively broader transverse diameters of both the 
milk and permanent molars; (3) the comparatively smaller and more 
rounded protocone and hypocone; and (4) the presence of a deep malar 
fossa. 

All these characters are common to the sj)ecies of Pliohippus as redefined 
below. I therefore refer the present species to that genus. 

9. Ilipparixm venusium I^idy. 

Hipparion venusium Leidy, Proc. Acad. Nat. Sci. Phila., 1853, p. 241 (name only). 
Hippotherium venusium Leidy, Post-Pleiocene Fossils of South Carolina, 1860, p. 

105 (first description). 

Type: A left upper molar lacking the protocone, associated with a 
broken right upper molar in which the protocone is prtvsimt. 

Type locality: Ashley River, South Carolina. 

Horizon: Pliocene. 

A uthors descnpiixm {op, cif,): ‘‘ Both specimens are from the upper jaw; 
and they are well characterized, not only by the isolation of the internal 
median enaimd column, but also by the complex plication of the interior or 

central enamel columns.The larger specimen is firm in texturc. 

In its present condition it is two inches in length; and possesses a moderate 
degree of internal and posterior curvature. . .The smaller specimen is firm 
in texture, and brown in color. It is half worn down; tapers toward the 
root; and is little less than an inch in length. Its inner median enamel 
column is antero-posteriorly reniform.” 

Measurements (from Leidyfigures). 

Diameters of No. 1, antcropost.18 rrirn., traiisv.. .16 mm. 

No. 2, . .15.5 “ .... 13 '' 

These specimens described by T^eidy are very incomplete and unsatis¬ 
factory as a type. But they represent one of the smallest though apparently 
very highly sj^ecialized s])(!cies of the grou]) to which they belong. The 
particular marks of specialization are the comparatively great height of the 
tooth crowns and the very complex plications of the enamel walls of the 
fossettes. In these characters and in the small well rounded protocone 
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this species differs from those of the typical Neohipparion and resembles 
the true Hipparion of the H. gracilu tyj>e. 

10. ? Parahippus parvulus (Marsh). 

Equus parvulus Marsh, Amer. Jonr. Sci., 1868, p. 374. 

Protohippm parvulus Marsh, Amer. Jour. Sci., 1874, p. 251. 

Type: Fragments of skeleton, with an upper and a lower molar associated. 

Type locality: Antelo]Xi Springs, Nebraska. 

Ilo'rizon: ? Middle Miocene. 

Author's description (for author's description see op. cit., 1874, p. 251): 
At the time Marsh first dtNScribed this species, he had not noted any teeth 
associated with the type, hence his first description refers only to some foot 
bones which he regarded as belonging to a small s[)ecies of Equus. On 
the examination of an associated upper molar, which he later discovered 
and described (op. cit.)^ he referred the species to the genus Protohippm, 
as it was tlien understood. Ii is evident, however, from Marsh\s description 
that he had in mind the grouj) of which Merychippus insignis is the type 
and V hich is now considered distinct from Protohippus. 

Through Marsh’s description, which I have verified by a reexamination 
of the ty{)e specimen, this species is apparently well established, but there 
remains some doubt as to its generic mfenmce. As noted by Marsh, the 
anterior fossette is not closed but is confluent with the inner median valley. 
This an*angement is unknown in Protohippus and the adult teeth of Mery-- 
chippus. Moreover, there is no trace of any anterior fold or projection of 
the inetaconule nor any tendency to a complete inclosing of the anterior 
fossette such as is obs(‘rved in the milk teeth of Merychippus insignis. This 
together with the proportionally large proto(*one which exceeds the protoco- 
nule in size, seem to place it with tin* Aiichitherinje rather than with the 
Protohippiiia* group. The fact that the molar under discussion is of the 
hypsodont or subhypsodont type aiul has a considerable investment of 
cement is contrary to this view. 15ut both these latter characters indicate 
a stage of progression rather than any es|XK;ial affinities, hence do not neces¬ 
sarily exclude the species from the former group and the s}X'cimen from 
Antelope Station, Nebraska, apparently represents an advanced type closely 
related, at least, to Parahippus. It may, therefore, provisionally be mferred 
to that genus. 

11. Parahippus texanus (Leidy). 

Anchippus texanus Leidy, Proc. Acad. Nat. Sci. Phila,, 1868, p. 23L 

Type: A i>ortion of an upper molar, m^ or m^, lacking the outer wall of 
the ectoloph. 
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Type locality: Washington Co., Texas. 

Horizon: ? Upper Miocene. (Obtained from a well.) 

Author's descriptwn {op, cit,): “The size of the tooth, as well as the 
general form and proportions, have been nearly as in the European Anchi- 
therium aurelianense. Six lobes, as in the latter, enter into the constitution 
of the crown. The external lobes, imjxjrfect, appear to have the same 
form as in Anchitherium. The inner lobes also have the same form but are 
proportionately leSvS robust, while the median lobes are more so. The 
postero-median lobe pursues the same course as in Anchitherium and like¬ 
wise, as in this, joins the outer lobes at their junction. From near the middle 
of its course it gives off a process directed towards the interval of the antero- 
internal and antero-inedian lobes and ceasing short of them. This process 
looks as if disposed to join the contiguous portion of the antero-median lobe, 
together with it to form a crescentoid lobe, embracing the aiitero-cxtermil 
one, as in the corresponding columns of equine teeth. No such arrangement 
exists in Anchitherium. A triangular tubercle, as in the latter genus, occu¬ 
pies the space at the back of the crown, and it appears as if its anterior angle 
had a disposition to join the contiguous portion of the postero-median lobe, 
to form with it a crescentoid lobe, in like manner as in the former case, to 
embrace the postero-external lobe.'' 

Measurements, 

The measurementws of the type tooth are: anteroposterior diameter, 19 mm.; 
transverse diameter, 20+ mm. 

Leidy^s description sufficiently distinguishes Anchippns texanus from 
Anchitherium and, though not stated by him, the characters given distinguish 
it from Mesohippns and Hypohippm as well. Ixiidy, however, did not 
compare it with Parahippus coguatus, and it is with this species that it 
seems most closely related. '^Fhe type specimens agree in the complete 
union of the inetaloph with the ectoloph, the development of a well defined 
crochet, and in the general form and proportions of the j^rotocomi and hypo- 
cone, w^hilc they differ only in a few points of minor detail of certainly not 
more than specific importance. The difference in proportion of crown 
diameters noted in comparing measurements is in this instance due entirely 
to the fact that one specimen is an adult molar while the other represents 
the milk dentition. 

The additional material examined representing other species of this 
group does not apparently show any generic distinctions between Anchippns 
and Parahippus, 
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12. Protohippus placidus Leidy. 

Protohippus pladdus Leidy, Jour. Acad. Nat. Sci. Phila., 1869, p. 277. 

Type: A left upper premolar, p* (No. 621, U, S. National Museum 
coll.). Neotypes: several sjiccimens from Big Spring Canon, So. Dakota, 
the type locality (Nos. 10830, 10840, and others. Am. Mus. coll.). 

Type locality: Niobrara Kiver near Ft. Niobrara, Nebraska. 

Horizon: Upper Miocene, Nebraska beds. 

Author's description (op, cit,): first upper molar tooth [p^]... .pre¬ 

sents extreme simplicity in the arrangement of the enamel, compared with 
its condition generally in equine animals. The central lakes appear wide 
and gaping, as in the more posterior teeth of Protohippus perditus. No 
trace of a posterior valley or inflection of the crown exists.'* 

Measurements, 

Diameters of p^: anteropost.18.5 mm,, transv.16 mm. 

P. placidus, founded primarily on a single upper premolar, has become 
better known through material collected by recent Amercan Museum expedi¬ 
tions, and has been redefined by the present writer.^ 

It is apparently an abundant species in the Nebraska beds, and is 
represented by several well preserved specimens in the collection from Big 
Spring Canon and the lattle White River. As uoav understood the species, 
under the definition, belongs in the genus Protohippus, although in some 
respects its characters arc more those of species referable to Neohippa- 
rion. The comparatively long-crowned teeth and nearly straight upper 
molars with their less rounded f(»ssettes, resemble more in general the teeth 
of Neohipparion grafu m (I.<eidy) than they do those of Protohippus perditus. 

13. Neohipparion affine (Leidy), 

Hipparion affine Leidy, Jour. Acad. Nat, Sci. Phila., 1860, p. 286. 

Type: Five upper molars of one individual, — left mb m^, and pb and 
right p^ and p®. (No. 584, U. S. National Museum coll.) 

Type locality: Niobrara River, near Fort Niobrara, Nebraska. 

Horizon: Upper Miocene, Nebraska be<ls. 

Author's description (op, cit,): *b4mong the collection of equine teeth 
from the Niobrara River, there are a number of specimens larger than those 
referred to Hipparion speewsum, but having about the same size and pro¬ 
portions as those of H. nendentale, or of the existing Ass. They however 

1 liull. Anier, Alus. Nut, Hist,, Vol. XXll, 1900, i>p. 140 to 142. 
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differ from those of H, occidentale in the simplicity of arrangement of the 
enamel, which is not more folded than in the Horse. The internal enamel 
column is also not only proportionately very much wider than in H. specie^ 
sum, but also absolutely wider than in H. occidentale 


Measurements, 

Diameters of p®: anteropost.26 mm., transv.23 mm. 

“ ‘‘ p4: .... 25 '' .22 

“ “ ni^: “ .24 “ .22 

m-2-; . 23.5 “ .19 

m‘^: at middle of crown ..21.5 “ . 21.5 “ 

Height of crown of m^ (outside).58 “ 


This species is known only from the type, but is apparently distinct, as 
pointed out by Ix^idy, from N, occidentale, the species which it most nearly 
resembles. 

14. Neohippaiion gratum (LeMy), 

Hipparum gratum Tjoidy, Jour. Acad. Nat. Sci. Phila., 1869, p. 288. 

Type: Right upper prcinolur, p^, associated with two others, ?in~and 
m^. (No, 587, U. S. National Museum coll.). 

Neofype: An anterior ])ortion of a skull, containing the com])lete dentition 
of the left side (No. 108G3, Amer. Mus. Nat. Hist.). 

Horizon : Upi^er Miocene, Nebraska beds. 

Author*s description (op. cif.): ‘^The first of the series. . . resembles the 
corresponding tooth of the first series ascribed to Protohippus placidus in 
size, form and proportions. The internal column appears on the triturating 
surface isolated, as in Hipparum, but it is a cpiestion Avhethcr at the same 
stage of attrition it would not have been associated with the antero-median 
column, as it apf)ears in the tooth of Protohippus placidus. The (‘cntral 
lakes are observed to be less gaping than the latter, and their surrounding 
enamel is rather more folded.’^ 

Measurements. 

Diameters of p^: anteropo.st.21.5 mm., transv. 17.5 mm. 

Height of partially worn crown.31 “ 

In size and general tooth characters, this species so closely resembles 
Protohippus placidus that I^idy was apparently in some doubt about its 
validity, while Cope later considered it synonymous with the latter. How¬ 
ever, like P. placidus, N. gratum. is now better known and has been well 
characterized through more complete material lately obtained by the Amer¬ 
ican Museum field parties from the type locality in South Dakota and 
Nebraska.^ From the neotype and other specimens referable to H. gratum, 

* Bull. Amer. Mus. Nat. Hist., Vol. XXII, 1906, pp. 145-147. 
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the species may now be more clearly defined as follows: (1) Protocone 
usually small, and elliptical in cross-section; (2) enamel borders of fossettes 
more deeply folded than in P. pladdus; (3) anterior border of anterior 
fossette, at least in the premolars, infolded; (this fold does not appear in 
any specimen examined of species referable to Protohippus, but is apparently 
characteristic of species referable to Hipparitm or Neohipparion); (4) 
both lachrymal and malar fosste moderately deep, but limited in area; (5) 
anterior palatal foramina opening backward into long, narrow slits, as in 
the modern horses; (6) palate higli arched, especially anteriorly; (7) nasals 
short-tip])ed, but very broad where they join the premaxillaries. The 
lower jaws are short and deep as in P. placidus, but with the following 
differences: (1) The symphysis is longer, while the length of jaw for\vard 
of the premolars is comparatively less than in P. pladdus; (2) the angle of 
the jaw is proportionally smaller; and (3) the lower border of the ramus is 
much more curved or bowed. 

15. Pliohippus supremus (Leidij). 

Proiohipjms supremus Leidy. Jour. Acad. Nat. Sci. Phila., 1869, p. 328. 

Protohippus rniralyilis (Leidy) Cope, Fourth Ann. Kept. Geol. Surv. Texas, 1893, 

p. 25. 

Protohippus supremus (Leidy) Gini.EY, Bull. Ainer. Mus Nat. Hist., Vol. XXII, 

1906. p. 143. 

Type: A left upper molar, in^, or m^. Neoiype: A considerable por¬ 
tion of a skull containing milk molars (No. 10844, Amer. Mus. coll.). 

Type locality: ^‘South Fork of White River” (Little White River), 
S. Dakota. 

Honzou : Upper Miocene, Nebraska bedKS. 

Author\s descripHmi (qp. dt.): ''Three isolat'd upper molars, larger than 
any of the above from the same locality [Tattle White River, S. Dakota]. In 
structure they bear a resemblance to those of Protohippus perditus more 
than to those of any of the other equine species indicated, but they are much 
larger, and probably belong to another species of the genus. 

Measurements. 

Diameters of rn^, anteropost... 24 mm., transv. 25 inm. 

Height of crown .... 48 “ 

This six'cies, founded on three unassociated upper molars, was regarded 
by Ix^idy as belonging lo the giuius Protohippus, and as rlilFering frofi- P. 
perditus only in size. However, through a better knowledges of the types 
and the examination of more complete material the sjx'cit's is now well 
established. 
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In the publication above cited, I redescribed this species under its original 
genus name Protohippus, but it apparently belongs more properly to Plio- 
hippus, as that group is now distinguished from Protohippus, it being closely 
related apparently to Mcrychippm mirabilw Leidy, I therefore now assign 
it with that species to the genus Pliohippus, 

The principal characters, as shown especially in the neotype, distin¬ 
guishing this species from P. mirabilis are: (1) Its size which considerably 
exceeds that of P. mirabilis; (2) the more narrow proportions of the upper 
milk molars; (3) the greater complexity of the enamel foldings of the upper 
molars of both the milk and }K*Tmanent series; and (4) the differences in 
form of the malar fossa, which has no dividing ridge and is comparatively 
smaller and shallower than in P. mirabilis. The basisphenoid is propor¬ 
tionally longer than in Protohippus perdiius and is not overlapped by the 
vomer. 

16. Merychippus panieusis (Coj)e). 

Hippothcrium paniense Cope, Bull. U. S. Geol. Surv. Terr. No. 1, Jan. 1874, p. 12. 

Type: Right uj^per molar, m^, associated with a left upper rn^. (No. 
8260, Amer, Mus. coll.) 

Type locality: Pawnee Buttes, N. E. Colorado. 

Horizon: Middle Miocene, Pawnee Creek formation. 

Authors descriptwn (op. cit.): “The latter [a right upper molar, nd 
above] is characterized by the generally greater simplicity of the enamel 
boundaries of the lakes as compared with the same portions of H. specio- 
sum, with which it agrees in size. The only plications to be observed are 
the usual op])osite ones entering the lakes from the middle of their adjacent 
boundaries, and a slight one at the inner angle of the same border of the 
anterior lake. The inner crescents united, the posterior retaining its 
width posteriorly and giving off the posterior inner column from its anterior 
half. Both the imernal coluinns are longitudinally oval and rather small, 
the anterior wtII separated. 


Measurements. 

Diameters of m : anteropost.18.5 mm., transv.20 mm. 

(associated) m*’’: anteropost 20 .18.5 “ 

Height of crown, m outside.26 inside.11.5 mm. 

'' rri'l, ...30 .16 


This sp<'5cies is not well characterized, since it is known only from the 
type specimen and other isolated teeth, yet the short crowns, wdiich when 
unworn are but little longer than their antero-posterior diameters, together 
with the more primitive proportions and form of the inner cones, p 2 hy. 
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than is observed in the Upper Miocene species mark this species as definitely 
referable to Mery chipjms^ as that genus is now understood. 

17. Merychipjms labrosm (Cope). 

Protohippus labrosus Cope, Bull. IJ. 8. Geol. and Geog. Surv. Terr., No. 1, Jan. 

1874, p. 13. 

Type: A mandible and a portion of the right maxillary bone containing 
five molars. 

Type localify: Pawnee Buttes, N. E. Colorado. 

Horizon: Middle Miocene, Pawnee Creek beds. 

Author s description (op. rit.): “Symphysis, flat, shallow; no diastema 
between their incisor and canine teeth; P. labrosm.. . .Protohippus lakrosm 
resembles the two species describe<l by L^ndy as Merychippu-s, in the short 
crowns and long roots of tlie molar teeth, with thicken(‘d external ridges 
separat(;d by thin ])ands of cementinn. It therefore diifers from Protohip¬ 
pus perditus and P. pUwidxus, resembling the first named in size.'' 

Mcasuremejits of type' (after Cope). 

Diameters of p**^: anteropost.. 22 inm., transv... 19 rnm, 

« ,„i. u 18 . . 22 

Longitudinal diameter [height] of rn^,. .... 11 

Unfortunately the type of this spe(‘ies cannot at preseni be located and 
it was apparently not figured by Cope. Th<‘ disposition of this species 
must rest therefore on Cope's definition and measurements. These are 
sufficient to place the species in the genus Meryrhippus, but farther than 
that it is at present of rather uncertain standing. 

18. Meiychippus sejunctus (Cope). 

Protohippus sejunctus Cope, Bull. U, S. Geol. Surv. Terr., No. 1, Jan. 1874, p. 15. 

Type: Complete skull and lower jaws with entire dentition, and parts 
of the skeleton associated. (No. 8291, Arner. Mus. coll.) 

Type locality: Pawnee Buttes, N. E. Colorado. 

Horizontal: Middle Mio<*(Mie, Pawnee Creek beds. 

Author's description (op. cit.): “The side of the cranium displays a con¬ 
siderable depression in front of the orbit, . . .The P. sejunctus is identical in 
measurements with the P. labrosus, and agrees with it in the simplicity 3f 
the enamel boundaries. It is also short-crowned, but the character is not 


1 For other mea8urement.s see Cope, Bull. U. S. CJeol. Surv. Terr., No. 1, p. 14. 
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so marked as in the latter. It differs strikingly in the deep and convex 
symphysis, and, in the only specimen in which its alveolar border is pre¬ 
served, in the hiatus separating the inferior canine from the incisors. It 
exhibits, also, the small and one-rooted first premolar of the P. perditus. 

‘‘The adjacent horns of the lakes of the molars are more produced 
outwardly than the remote ones, and the enamel borders have no plications. 
The sections of the inner columns are oval posteriorly and subround anteri¬ 
orly ... The canines are separated by a considerable interval from the 
third incasors. The inferior molars arc similar, in general, to those of P. 
labi'osus.** 

Mmsureme'nts of type (in part). 

Diameters of p-: antcropost.. .24 min., trailsv.20 mm. 


ti 

“ pi; 

it 

18 

ii 

It 

22 “ 


“ pi; 

it 

. .19 


it 

22 


“ rn-l: 

ti 

.16 5 

it 

ti 

. 21 “ 

(( 

“ m*: 

it 

.18.5 

ti 

ii 

22 

ti 



.20.5 

ti 

if 

. 18.5 


Total length of complete series less p^- . . 175 “ 

Length of diastema between p^ and i^, .. 54.5 “ 

Total length of skull taken on basal line, . .325 “ 

This splendid tyjie is a marked exception to those previously described 
and admits of a far more conijiletc study and better definition of the species 
than is usual. 

While Cope’s description adequately separates the species from Pro- 
fohippus perditus^ he did not sufficiently distinguish it from P. lahrosus Cope. 
According to Cojie’s statement they are identical in measurements and agree 
in the general characters of the teeth, but they differ in the form of the lower 
jaw symphysis and the presence of a hiatus in P. sejunctas which does not 
exist in P. lahrosus separating the inferior canine from the incisors. These 
characters are of but little value since they are influenced greatly by age and 
individual variation. However, since the type of P. lahrosus cannot now 
be compared, P. srjunefus may be retained as a well established species. 

The comparatively short crowns of the molars and the more generalized 
character of their cusps arc features in common with species of Meryrhippus, 
making the present species more properly rtiferable to that genus. 

19. Pliohippos pemix Marsh. 

Pliohipjjus pemix Marsh, Amer. Jour. Sci., Feb. 1874, p. 252, 

Protohippus (Pliohippus) pernix (Marsh) Gidley, Bull. Ainer. Mus. Nat. Hist., Vol, 
XXII, 1906, p. 144. 

‘ For description of skeleton and other measiirernent.s see Cope, op, cit. 
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Type: A considerable portion of a skull and lower jaws, including nearly 
complete dentition, associated with foot bones and other parts of the skeleton. 

Type locality: Niobrara River, Nebraska. 

Horizon: Upper Miocene, Nebraska beds. 

Author’s description {op, cit,) : “This genus closely resembles Proiohippus 
Leidy in its dentition, but differs in the absence of lateral digits, which are 
only represented by slender splint bones. From the true Equus, the present 
genus, may be distinguished by the presence of a large antorbital fossa; by 
the functional first iip{xjr premolar; and by a different composition of the 
crowns of the upper molars.^* 

Measurements of Type.^ 

Diameters of p2-: anteropoat. ... .31 mm., transv.22 mm. 
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Unfortunately the specimen representing the type si)ecies of this genus 
is that of an old individual with the teeth so much worn as to nearly oblit¬ 
erate their distin<*tiv(‘ characters. However, their general featurt^s may be 
inferK'd with some degree of accuracy. 

Marsh founded the genus primarily on the absence of complete lateral 
digits and the reduction of the metapodials, II and IV, to mere splints as in 
the genus Equus, The evidence for this advanced stage of development 
is only negative, however, since an examination of the type specimen shows 
that all the lateral metapodials represented are broken and the distal ends 
have not been ])reserved. They are much reduced distally, but not more 
so than in some specimens in the American Museum collection which still 
possess small but perfe(*t lateral digits. 

Other characters, however, especially those of the skull and teeth, seem 
to mark as distinct the group of horses of which Pliohippus 'fMJrnix is typical. 
The tyi)e restudied presents the following characters: The skull in general 
appearance is like that of Equns, but is readily distinguished from tliat genus 
by (1) the shorter proportions of the muzzle, (2) the greater depth of the 
angle of the lower jaw (.S) the proportionally shorter crown(‘d and more 
curved molars, and (4) by characteristic facial pits or fossa*. 

The group is apparently very nearly allied to Profohtppiis of the P. 
perditus type. But it may be distinguished from the typical Protohipptn by 
the following characters; (1) The larger size, so far as known, of the species 
comprising the group; (2) the proportionally greater transverse diameters 

^ For other measurements see Marsh, op. cit. 
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of the upper niolariform teetli; (3) the presence of the deep malar pit which 
is apparently wanting in Protohippus; (4) the less constriction of the muzzle; 
and (5) the comparatively longer basisphenoid, which is not overlapped by 
tlie vomer. 

As now understood Plwhippus Marsh may retain the rank of a full 
genus closely allied to Protohippus, The distinctions, however, are based 
on very different characters from those originally employed by Marsh. 

20. Pliohippus robustus Marsh. 

Pliohippus rohuaius Marsh, Ainer. Jour. Sci. (3), Vol. VII, 1874, p. 253. 

Type: Portions of skull and teeth, associated with foot and limb bones 
(No. 3008, Yale Museum coll.). 

Type locality: Niobrara River, Nebraska. 

Horizon: Upper Miocene, Nebraska beds. 

Author*3 description (op, cit.): “This sjx^cies was nearly the same size 
as that last described [P. pernix], but the limbs were shorter and stouter. 
The first upper preniolar is much larger, and the upper molans are longer, 
and much curved. The crowns of these teeth have a very similar arrange¬ 
ment of the enamel, but the folds are more complex.“ 


Measurements of Type} 

Diameters of p- : antero[>ost... . 29 imn.. transv. 22.5 mm. 

“ p‘^: ‘‘ ... 26 . 24 “ 

“ “ m'-^: “ .... 25 ** “ .. 22 

Height of crown, m- (oiitside) .. .62 


Aside from the difference in proportions of the limb bones, the characters 
given by Marsh to distinguish this sfiecies from P. pemix are of but little 
value, since they are in this instance for the most part indicative of age 
differences only. The type of P, pemix is of an old individual while that 
of P. roljustus represents a young adult. 

The comparative measurements of the limb and foot bones, and the 
difference in transverse diameters of the upper molars which are but slightly 
affected by wear, do indicate, however, a somewhat smaller size and more 
robust proportions for P, robustus, as pointed out by Marsh. The species 
may be further distinguished from P. pemix by the difference in form and 
character of the median terminal phalanges. In P. robustus the terminal 
phalanx is well rounded with the posterior external processes much reduced, 
as in the modern horse, but the plane of the proximal articular facet is 


^For other measurements see Marsh, op, cit. 
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directed more backward as in other species of Miocene horses. In P. 
pemix the ungual phalanx is more elongate and the posterior external 
processes are very prominently developed. 

This species is not clearly distinguished from P. mpremus (Leidy). 
It agrees with the latter in size and general characters so far as they are 
known, but there are not enough parts preserved in common to make that 
point clear. 


21. ? Para hippm avu,^ (Marsh). 

Proiohippus avus Marsh, Amer. Jour. Sei., Vol. VII, 1874, p. 253. 

Type: Several associated teeth (No. — Yale Museum coll.). 

Type healiiy: (Cottonwood Creek, Oregon. 

Horizon: Middle Miocene, probably Mascall beds. 

Aufhor\s description (op. cit.): ^‘Tiie molar teeth have very short 
crowns, and a^^ insert(‘d by distinct fangs. The enamel is covered with 
a thick coat of cement. The molars are considerably worn, iind the pattern 
of the enamel thus produced nearly resemble that in the corresponding teeth 
of Anchitherium, with which the present teeth agree, also, in form and 
arrangement.. The outer concavities of the external lobes are without any 
median (‘levation. The posterior innei cone is larger than the one in front. 
All the lower molars have an outer basal ridge.’’ etc. 


Mcasurements of type (after Marsh). 

Space occupifc'd by six upper molars. . .110 nun. 

Sj>ace occupied by three upper prcmolars, .... . . 57 

Anteroposterior diameter of second upix?r premolar,.. . . 23 “ 

Transverse diameter,. . .22 

Anteroposterior diameter of last upfH*r molar,.... ... 17 “ 

Transverse diameter,. ... .22 

Extent of three lower premolars. , .. .. 57.5 

Anteroposterior diameter of first low'er premolar,. 20.5 

Transverse diameter. 15 “ 

Anteroposterior diameter of first lower true molar. 18 

Transverse diameter,. . It3 “ 


Marsh evidently rccogniml the Anchitheriuni-likc characlcirs of this 
species, althojigh he placvd it in the genus ProUihippux. \^itlu)ut cpicstif)!! 
it belongs to the Anchitheriinir, ns csjM'cially indicated by the large inner 
cones and small median comiles, but the proper generic reference utider tids 
group is at present somewhat uncertain. 
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22. Parahippns brevidens (Marsh), 

Anchippus brevidens Marsh, Amer. Jour. Sci., Vol. VII, 1874, p. 254. 

Type'. Three upper true molars of a single individual, m? and mi of 
left side, and mi of right side (No.Yale Museum coll.). 

Type locality'. Oregon, probably Cottonwood Creek. 

Horizon: Miocene, ? Mascall beds. 

Avlhor^s description (op. cit ): "'These teeth agree in the general struc¬ 
ture of their crowns with the type of Anchippis texanus, but the antero¬ 
median lobe is placed further forward, and hence its worn surface is not in 
the same line with that of the antero-internal lobe. The posterior cres- 
centoid tubercle, also is isolated, and wears into an oar-shaped lobe, enclos¬ 
ing a pit with cement. The cro\\ms of these molars are unusually short, 
even when unworn. They all have distinct fangs, and their enamel is 
covered with cement. The outer lobes have only a faint indication of a 
median ridge on their concave faces. The buttresses that enclose these 


faces are prominent.” 

Measurements (after Marsh). 

Anteroposterior diameter of first upper true molar,.. . .17.5 mm. 

Transverse diameter,. .22 “ 

Anteroposterior diameter of last upper molar,. ... 17 “ 

Transverse diameter,.21.5 “ 

Height of unworn crown of last molar, . .15 “ 


This species was founded on adult molars as stated l)y Marsh, and not 
on milk teeth as supposed by Co|)e.^ The teeth are of the Anchippus te.mmi.s 
type, but differ from that species in (1) the considerable investment of 
cement; (2) the much greater angulation of the transverse lophs, especially 
the metaloph which is directed forward from the hypocone and at the crotchet 
turns at nearly a right angle to join the ectoloph; and (3) in the presence of 
a slight crenulation of the enamel walls of the metaloph, but this character 
is less marked than in Desmiiipjrus crenidens Scott. 

23. Merychippus calamarius (Cope). 

Hippotherium calamarium Cope, Proc. Acad. Nat. Sci. Phila., Vol. XXVT, 1875, 259. 

Type: Portion of the ])alate containing most of the teeth of both sides. 
(No. 2572, U. S. National Museum coll.) 

Type kmlity: Pojuaquc, north of Santa F6, New Mexico. 

Horizon: Middle Miocene; Santa F6 marls. 


* Fourth Ann. Kept. Texas Geol, Surv., 1803, p. 23. 
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Authm*8 descripfwn (op. cit.): “The species is allied to the H. paniense 
Cope, and differs from H. occidentale, H. speciosum and H, gratum of 

I-ieidy in the relative form and size of the interior dental column.In 

the typical or New Mexican species the column is large, and its centre is 
anterior to the middle transverse line of the crown. In the present state of 
attrition,.... this column presents an angular projection towards the inner 
anterior crescent, betraying an approach to the union seen in Protohippus, 
which is in the fifth molar of the right side of the present horse, actually 
accomplished through the medium of a narrow isthmus.. . .The borders of 
the lakes are much plicate, the posterior border of the anterior lake having 
from four to six inflections The first preinolar is quite small, and is 
two-rooted.. .The palate is wide and well arched/’ 


Measurements. 

Diameters of : anteropost.25 mm., transv.21 mm. 

“ “ pi: . 21.5 “ .24 “ 

“ p^: “ 21 “ . .23 “ 

ml: 20 '' “ .22 '' 

“ m 2 : “ ..21 ‘‘ “ ... .21 “ 

nr»: . . .20 “ “ .?17 


This species was fairly well defined and its affinity to the H. paniense 
type of horse was recognized by Cope. But the characters given, which 
are in substance the shortness of the tooth crowns, the primitive form of the 
inner cones (pr. and hy.) of the upper molars, and the less specialized char¬ 
acter of the teeth in general, are distinctive of Merychippus as that genus is 
now understood, hence it is more propi^rly referable to Merychipjnis than 
to Hipparion. 


24. Merychippus seversus (Cope). 

Stylonus seversus Cope, Paleontolog. Bulletin, No. 30, p. 14, Dec. 3, 1878. 
Hippotherium seversum (('!ope) Wortman, Kansas City Rev. 8ci. and Tnd., Vol. 
VI, 1882, p. 73. 

Type: A right iipj^er molar tooth, ?m^ (No. 8180, Anier. Mus. coll.). 
Type locality: Cottonwood Creek, Grant Co., Oregon. 

Horizon: Miocene, ? Mascal beds. 

Author's description {op. cit.): ''Stylonus is aWi^d to Hippotherium, in 
details, including the isolation of the anterior internal enamel covered col¬ 
umn ... .It differs from it in the fact that the posterior internal column is 
isolated in the same manner as the anterior.” 

In a later publication,' under Hippotherium seversum, Cope more fully 

* » Proc. Amor. Phil. 8oc., Vol. XXVI, 1889, p. 457. 
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described the type specimen as follows: '‘Crown of superior molar moder¬ 
ately elongate and curved. Grinding face subquadrate. External ridges 
prominent. Section of anterior internal column oval, with an apex directed 
outwards at a short distance anterior to the single internal median loop* 
Posterior internal column also oval in section, distinct from posterior internal 
crescent, and without apiculate angle in s]HK'imen at present state of wear. 
Crescents narrow, separated by rather wide lakes entirely filled with cernen- 
tum. liuke borders simple; anterior with a trace only of an anterior notch; 
posterior with a strong posterior notch. Opposite adjacent borders with 
one notch on the i)osterior and two on the anterior crescents, the latter inclos¬ 
ing a small loop in the usual position. External cement layer thin.’* 

Measurements of type tooth. 

Height of crown. 28 mm. outside, 16 mm. inside. 

Anteroposterior diameter,. ... 17.5 

Transverse diameter,. 10.5 

The type specimen is a tooth but slightly worn, hence the characters 
given by Cope indicate a small species of the Meryrhippm group, but with 
somewhat longer crowned teeth than the tyf)ical species of that genus. 
Since the knowledge of this species is confined to the characters of a single 
tooth, the type, it is at j)rcsent of rather indefinite determination 

25. Pliohippus spectans (Cope), 

Hippidium spectans Cope, Amer. Nat., Vol. XIV, 1880, p. 223. 

Type: A left upj)er molar mr and an associated upper preinolar, p£, 
(No. 8183, Arner. Mus. Coll.). 

Type locality: Cottonwood Creek, Oregon. 

Horizon: Upjxir Miocene, ? Rattlesnake formation. 

AiiiJwr's description {op, cit,): “The crowns of these teeth are very long 
and slightly curved, and the roots are short. The internal columns are rela¬ 
tively small and subequal in size, and are flattened in outline. A peculiarity 
of the species is seen in the great transverse width of the lakes which, at 
the middle, is equal to the anteroposterior diameter. The crescents, and 
especially the inner ones, are correspondingly narrow. The enamel borders 
are simple, there being only a few notches on the adjacent hices of the lakes. 
One loop projects from the inner enamel border, almost reaching the anterior 
inner column. Cement al)undant.” 
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Measurements of type teeth. 

Diameters of m?, anteropost.26.5 mm., transv.26.5 mm. 

“ “ (at base).. 24.5 “ “ . . . 29.5 

p*-* .35 “ ... .25 “ 

Height of crown of m^ outside. .46 “ 

“ ‘WiLside.. . . .26 “ 

'' '' p^ outside .26 “ 

inside.24 


Compared with the South American genus Hippidion, to wliich Cope 
referred it, the type of this sj^ecics shows the following important differences. 
(1) The crowns of the upper molars are curved but to a less degree; (2) 
the fossettes are broader transversely; and (3) the enamel walls of the 
transverse loi)hs are less ])licated and thicker making a heavier line in ihe 
cross-section pattern of the tooth crown. (4) The ribs, or styles, of the 
ectoloph (ps. and ms.) arc less prominent. 

In all tlu^se characters IT. .spccian.s Cope resembles the known species of 
Pliohippusy as at pn^sent defiruHl. I therefore transfer it without question 
to this genus. 

21). Neohipparion montezuma {Leidij). 

Hippothenum ^nontezvnice IjKIoy, Proc. Acad. Nat. Sci. Phila., Vol. XXXIV, 1882, 

p. 291. 

Type: An upper prcmolar, p'^ or p^ of the right side (No. 3304, U. S. 
Nat. Mus. coll.). 

Type locality: Ivacualti|)an, Hidalgo, Mexico. 

Horizon: ? Upper Miocene. 

Authors description {op. cil.): “The specimens indicate a species about 
the size of Hippotlierimn venustiim and II. .s^periosum, but the folding of the 
enani(‘l on the triturating surfa<*e of the upper molar ... is sufh(‘iently dif¬ 
ferent from the arrangement in the corresponding teeth of those sjxtcies, to 
render it y)robable that the fossils belong to neither of them. 

“In H. venuMnm the inntu' column of the superior molars, so far as 
known, is regularly cylindrical. In the tooth under inspection it is much 
wider than in the latter.’’ 

M easurnnvnis. 

Anteroposterior diameter of type tooth, 19.5 min.; transverse diameter, 17 nmi.; 
height of crown, outside, 49 mm., inside, 45 mm. 

The characters of this spex-ics arc little known beyond what arc shown 
in the type tooth, but the large, laterally compressed protocone and different 
character of the enamel plications, a.s pointed out by Leidy, seem sufficiently 
to differentiate it from H. venustum, while its small size and comparative 
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great length of crown apparently distinguishes it from any other^species 
previously described. Its general characters are those of the Neohipparion 
species. 

27. Neohipparion sinclairi (Wortinan). 

Hippotherium sinclari Wortman, Kans. City Rev. Sci. 8c Ind., Vol. VI, No. 2, 
1882, p. 73. 

Type\ An upper preinolar of the left side (No. 8178, Ainer. Mus. coll.)* 
Type locality: Cottonwood Creek, Oregon. 

Horizon: Upper Miocene, ? Rattlesnake formation. 

Author^s descripfum (op, cif,): “Some species of Hippotherium exhibit 
an enlargement of the antero-internal lobes of the upper molars almost 
equal to that of Equus with a marked tendency to confluence. A new spe¬ 
cies from the Lou]) Fork beds of Oregon which may be called Hippoihe- 
rium sinclairi, exhibits these characters of the superior molars in common 
with H. occidentale. It may be distinguished from the species, however, 
by its small size and the less marked concavity of the inner contour of the 
antero-internal lobe.’^ 

Measurements, 

Diameters of type tooth; anteroposterior. .. .20 nun., transverse. 19.5 mm. 
Height of crown,.42 mm. 

This species is known only from the type tooth, a single uj)per molar, 
which presents the characteristics of the genus Neohipparion, It is some¬ 
what larger than N. montezumoe, and difl’ers from that species in the relatively 
larger and difl'erently formed })rotocone, and more simple enamel plications. 
The inner face of the ])rotocone, in N. sinclairi, is slightly concave as in 
N, affine, 

28. Neohipparion montezumee (Lcidy), 

Hippotherium peninsulatum Cope, Amer. Nat., Vol. XIX, 1885, pi. xxxvi, fig. 
5 (name and figure, no description). 

Hippotherium peninsulatum Cope, Froc. Amer. Phil. Soc., Vol. XXII, 1885 (1886), 
p. 150, fig. 1. 

Type: A right upper molar, m- (No. 8345 Amer. Mus. coll.). 

Type locality: Tehuichila, Vera Cruz, Mexico. 

Horizon: Miocene. 

Author*s description (op, cit,): ‘Xrown of superior molar long, curved. 
Grinding face with anteroposterior diameter considerably exceeding the 
transverse. Internal column large, its section a narrow anteroposterior 
oval, with both borders convex. Internal enamel borders of internal cres- 
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cents \4th a prominent loop at junction,.... Opposite and adjacent enamel 
borders of the lakes, with several close and deep plications, which nearly 
cut off the adjacent horns.. . .The median and anterior external ribs of 
the crown are well developed, and there is but little cement on the grooves.*' 

Measurements. 

Diameters of type tooth, anteroposterior, 17.5 mm., transverse 15 mm. 

Height of crown, 51.5 mm. outside, 40 mm. inside. 

This species also is founded on a single upper tooth. In the characters 
of the comparatively long tooth crown, the size and form of the ])roto- 
cone, and tlie plications of the enamel fossette borders, it agrees very closely 
with N. monleziima* (Leidy). The tooth, a true molar, is somewhat smaller 
than the type of N. vionieznmcc which is a premolar. The difference in 
size therefore is not more than might exist between the molar and pre¬ 
molar teeth in the same individual. Moreover, the localities from which 
the specimens were obtained are not widely separated and the horizons are 
probably equivalent. It is therefore probable that the sf)ecies are identi¬ 
cal. 

29. Protohippus castilli Cope. 

Protohippus casiilh Copk, Amer. Nat., Vol. XIX, 1885, p. 1208, pi. xxx\i, fig. 6; 

Proc. Amcr. 14iil. 8oc,, \'ol. XXllI, 1886, p. 150, fig. 2. 

Tfjpe: An uj)per molar of the left side. 

Type Joealiiy: l\‘huiehihi, Vera ("riiz, Mexico. 

Ilorizofi: Mioe(*ne. 

Author s deseripfioo {op. rif.): ‘‘This hor.se is represented by a superior 
molar tooth of a larger animal than the species last described [IT. 

latum], and one only a little smaller than the zebra.The erowui of the 

tooth is of medium length and is strongly curved inwards. Its grinding 
surface is a little wider than long, and is worn into tw^o transverse angles 
. . . .The lakes are strongly convex inwards and their horns are wide and 
obtuse. Their borders are simple, there being no folds on the remote 
sides, and on the adjacent borders only one on the posterior and two on 
the anterior, of no great depth. There is no looj) at th(‘ junction of the 
inner edges of the internal crescents. External ribs of crow n prominent.** 

Measurements (after Cope). 

Length [heightl of crown.^0 mm. 

, f ♦ 1 - r f anteroposterior.. 21 

1^18JXICt*6rs Ol CniKliriff ...< a 

® ® [transverse. 23 

The type tooth, which again is the sole knowui repn^sentative of the 
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species, has been temporarily mislaid, hence the validity of the species must, 
for the present, rest entirely on the description and figure given by Cope. 

These indicate a true s[)ecies of the genus Protohippus, very closely re¬ 
lated to P, perditus. 

30. Hipparion ingenuum (Leidy). 

Hippotherium nujenuum Leidy, Proc. Acad. Nat. Sci. Phila., Vol. XXXVII, 1885, 
p. 33, outline figure. 

T'ype: Two ujiper molars of left side (No. 3306, U. S. Nat. Mus. coll.). 
Type localliy: Archei*, Florida. 

Horizon: ? Pliocene. 

Author's de,^Tription (op. cil.): ‘‘The tooth now under inspection is an 
upper molar, perhaps tlie fourth hirge one of the series. It indicates a 
small species, little more than half the size of the domestic horse, . . .The 
folding of th(i contiguous borders of the interior enamel islets of the worn 
triturating surface is less complex than in II. vena stum, and the internal 
islet is ellipti<‘al instc'ad of circular.” 

Measurcmeyits, 

Diameters of in2-, anteropost.IS.t'S mm., transv.1G.5 mm. 

Height of crown .43 mm. outside, .. .34 nun. inside. 

But little is known of this species beyond what is shown in the type teeth. 
These indicate a species but little larger than II. venustnm Leidy, and differ¬ 
ing from it only in the characters pointed out by I^eidy which are so slight 
as to be of but little value in separating them. The great differences in 
the size and form of the prolocone, and the enamel plications separate both 
species very definitely from II. montczimw. 

31. Arch»oliippus ultimus (Cope). 

Anchitherium uUimam Cope, Proc. Amer. Phil. 8oc., Vol. XXIII, 1886, pp. 357, 
358. 

Archceohippus ultimus (Cope) Gidley, Bull. Amer. Mus. Nat. Hist., Vol. XXII, 
Dec., 1906, pp. 385-388. 

Ty])e: An anterior portion of skull with nearly complete dentition (No. 
8174, Am. Mus. coll.). 

Type locality: Cottonwood Creek, Oregon. 

Horizon: Mid<lle Miocene, Mascal formation. 

Author's description (op. cit.): “Unusual interest attaches to this horse 
since it is the latest representative in time of the genus to which it belongs. 
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It is from a horizon above the John Day Miocene, wliich contains several 
Loup Fork genera and species, as Protolabis, Hippotherium and Dicotyles. 
... .The size is less than that of the A. prwstans Co]^ and A. equiceps Coj^e 
( ? vl. anceps Marsli) of tlie John Day bed, and the dental series has the same 
length as that of the A. longierisfe Cope, also of the John Day... .The pre¬ 
molars and molars have a well-marked external e.ingulum, and there is an 
internal cingulum round the base of the second premolar. The only other 
cingula are weak ones round the bases of the anterior lobes of the second 
and third true molars . .Tlie diastema sej)arating the canine from the first 
prernolar is long. The latter has but one root and has a rather small crown. 

‘‘It is in the cranial characters that this species displays the greatest 
differences from the Jolin Day species. In the first place there is a profound 
and large preorl)i<al fossa, se})arated from the orbit by a vertical bow. The 
preorbital fossa in the Jolin Day sf)ecies is shallow, and not abruptly defined. 
In the next place the anterior border of the orbit is above the anterior border 
of the last molar tooth. In this it agrees only with the large A. prwsfans; 
in the A. equiceps and A. longierisfe^ the anterior border of the orbit is above 
the anterior ])art of the second superior molar. Thirdly, the infraorbital 
foranum is above the middle of the fourth prernolar; it is over the posterior 
part of the third in the three John Day sfHjeies. Finally, the nareal notch 
marks the anterior two-fifths of the diastema; it extends much further back 
in th(? John Day species.” 


Measurements (after Cope). 
I^nigth of diastema from I 3 . 

a- u u u Q 

“ “ superior molar series 

“ “ “ true molars 


Diameters of crown of p m. ii 


.047 

. .U.K.'S 


. .079 


.034 

. 

.007 

1 anteroiX)sterior. 

..0145 

1 transverse .... 

.0145 

anterojiosterior ... 

. ..on 

transverse . . 

. .015 

anteroposterior. 

.on 

transverse. 

.014 


This species was fully described under the name Anehifherium ulhmum ^ 
by Cope who recognized and pointed out many characters of advanc(*d 
development over the Oligocene species. A wider knowledge of both the 
Oligocene and Miocene fonns of horses not only (*onfirms Coj)e's distinctive 


1 Cope used this genus name not because of any sui)po.sed affinities to lljc 
Anchitherium, but because ail Ann*rican speckles of the Mcsohippuff tmrdi type were at that time 
referred to Anchitherium. Later writers placed A. ultimum with theotbeisin Marshs genus. 
Mesohtppus. 
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characters, but emphasizes their importance. A restudy of these characters 
has resulted in placing the species under a new genus, Archeohipfus, The 
principal characters distinguishing this genus as published in a recent paper 
(op. dt,) are as follows: The species is more advanced in general than any 
of the Oligocene horses and compares in degree of progression with the 
earlier forms of Hypohippus and Parahippus. From Mesohippus and 
Miohippus the genus is especially distinguished by (1) the complete union 
of the metaloph with the ectoloph in the upper molariform teeth; (2) the 
proportionally larger size of the protoconule; (3) the greater lengthening 
of the anterior portion of the skull, as shown in the comparatively longer 
muzzle; (4) the more backw^ard position of the orbit; and (5) the great 
development of the lachrymal and malar fossa\ 

It differs from Parahippus in (1) the absence or but slight development 
of a crochet on the metaloph; (2) the deeper notching of the external wall 
of the protoloph between the protocone and protoconule with a correspond¬ 
ingly less notching of the internal {)rotoloph wall; (3) the Comparatively 
more equal proportions of the molars to the premolars, and (4) the presence 
of a well developed internal basal cingulum. 

Compared with Hypohippus (1) tlie protoconule is miK‘li larger than in 
that genus; (2) the molars in relation to the premolars are com})arutively 
larger; (3) the muzzle is relatively longer; (4) the orbit is jdaced the wddth 
of a molar farther backward, and (5) the malar fossa, which is wanting in 
Hypohipp^iSf is well developed, as is also the lachrymal fossa, with whicli 
it is nearly confluent, being separated only by a low rounded transverse 
ridge. 

32. Neohipparion rectidens (Cope), 

Hippotherium rectidens Copk, Proc. Amer. Phil. Soc., Vol. XXIII, 1886, p. 360. 

Type: An ui)i)er? premolar of the right side. 

Type locality: Tehuichila, Vera Cruz, Mexico. 

Horizon: Probably up])cr Miocene. 

Author*s descriptwv {op, cit,): ''The present animal presents very nearly 
the same enamel folds as the H, peninsulatvm Cope, of the same locality, 
inclu<iing the subquadrate central loop which is nearly cut off from the 
anterior lake. But the tooth differs in two essential points, and in some 
minor ones from that species. It is considerably larger, presenting .6 more 
area of the grinding surface. The shaft of the tooth, instead of being strongly 


curved, is straight.'* 

M easurements. 

Diameters of crown: anteropost.2 mm., transv.18.5 mm. 

Height of crown.41 






1907.] 


Gulley^ Fossil Equidce of North America, 


905 


This species is known only from a single tooth. The wide and com¬ 
pressed isolated protocone, the deeply plicate enamel borders of the fossettes, 
and the long crown, seem to place it definitely in the genus NeohipparUm; 
but its specific relations are at present somewhat indefinite. The characters 
pointed out by Cope, however, apparently distinguish it from any other 
described species. 


33. Hipparion plicatile Leidy, 

Hipparion plicatile Leidy, Proc. Acad. Nat. Sci. Phila., 1887, p. 310. 

Type: An upper molar of the right side (No. 3292, U. S. Nat. Mus. 
coll.). 

Type locality: I^evy Co., Florida. ‘‘Mixson’s bone bed,*' 10 miles east 
of Archer, Florida. 

Horizon: ? Pliocene. 

Author s description (op, cit,). ‘‘A tooth from the same locality [Mixson^s 
bone bed], indicates a siiecics of Hippotherium different from H. higenuum 
. It is an up])er of an animal approximating the Ass in size, and larger 
than H. ingemium. Tlie triturating surface.... exhibits a complexly 
folded condition of (be enamel, quite different from that of the latter.’’ 


Measurements. 

Diameters of crown, anteropost.20 miii., transv.22 mm. 

Height of crown (much worn).. .30 


The ty])e is apparently a true molar with tlie crown at least half Avorn 
away by use, hence the elaborate plicjitions are a distinctive feature. The 
protocone is small and well rounded like those of H. venustum and H, 
ingemium, and in other respects the characters presented are similar. But 
the much greater size and the difference in character of the enamel foldings, 
distinguish it sufficiently from tlieso species. 

H, venustum, H, ingenuum and H, plwatile, all from the Atlantic* coast 
and from deposits apparently of Pliocene age, form a group of horses differ¬ 
ing in some seemingly iiuportant respects from any of the western American 
species of the Miocene period. They represent in general a slightly later 
phase of development, especially in the grtmter length of tooth crowns, the 
stronger development of the external styles, and the much more* elaborate 
plications of the enamel borders of the fossettes. 

In these respects, as well as the retention of a more primitive form of 
protocone, which is small and nearly circular in cross section as in some 
species of MerychippuSy these species resemble closely the European Hijh 
parimi of the H, gracilis type. In foot structure, how ever, so nearly as can 
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be determined from the very fragmentary material available, they resemble 
more nearly the American Miocene forms. It seems not improbable there¬ 
fore, that these species belong to an American branch of the Hipparion 
group of the Old World, rather than to the Neohipparimi group more 
typical of this continent. 


34. Merychippus relictus (Cope), 

Hippotkerium relictum Cope, Auier. Nat., Vol. XXllI, 1889, p. 254. 

Type: An up})or molar, ?in', of the left side, associated with a second 
upper molar, m^ and two lower molars (No. 8073, Amer. Mus. coll.). 

Type local if If: ()n‘gon Desert. 

Horizon : Not known, but probably inkhile or lower Miocene. 

Anthor^s description (op. cit.): ‘^Represented by two superior and three 
inferior teeth. The grinding surface is nearly square, and th(i crown is short, 
and moderately eurvt'd. The section of the internal style is a wide oval, and 
it presents no angle or ]:)oint of approximation to the protoconic crescent, 
and conversely none to the ])osterior column. Tlie latter has tlx^ usual 
connection with the hypo(‘onie crescent, but ))rojecls as far inwards as the 
anterior area, and is well deiined. The enamel borders are quite simj)le. 
The usual loop of the posterior inner border of the anterior is rudimcntal in 
an anterior true molar, and in th(‘ last molar it is small and subround. No 
isolated loop. A single short ])roe(*ss of the border towards the internal 
column. Ccmcntuni abundant.’^ 

M easurnnenis. 


Diameters of ni ^: anteropost. . . 

. .16 mm., tninsv.. , . 

. 18 

(( <. t< 

..1G.5 “ 

. . .16.5 

Height of crown of m,^ outside. 

. . 20 “ inside, . 

. ..14 

« a .. .. u 

. . 16 “ 

. .12 


This species, as indicated by the type, is about the size of Merychippus 
seversns (Cope), and seems to differ from it only in minor details. The 
upper molars are relatively shorter crowned apparently, and have a some¬ 
what greater transverse width, indicating a slightly larger form. 

While its generic characters are clearly those of the Merychippus group,, 
its specific relations are not well defined. 

35. Hippotkerium retnisum Cope. 

Hippothcrium retrusum Cope, Proc. Amer. Phil. Soc., Vol. XXVI, 1889, p. 446. 
Type: Two upper molars (No. 8350, Amer. Mus. coll.). 
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Type locality: Phillips Co., Kansas. 

Horizon: Upper Miocene. 

Author*s description {op. cit): “The character by whicli the su|)erior 
molars of the Hippotherium retrusum may be readily distinguished from 
those of all other species of the genus, is the extraordinary posterior exten¬ 
sion of the anterior internal column, which brings it first into (‘oiitact with 
the posterior internal column, an<I then on greater wear unites the two by 
an isthmus. In the first true molar the area of the column is in contact at 
its extremities with both the posterior column and the anterior inner cres¬ 
cent. . . .The complexity of the enamel border of the lake is of medium 
degree... .The crowns are robust, of medium length, and curved. That 
of the second true molar is rather longer than wide; the first true molar is 
about as wide as long.*' 

A1 mmremc'nts. 


Diiuneters of in^ aiiteropost.. . IS mm., transv.. . . 18 5 mm. 

“ rn-^ ... 21 17 “ 

Height of crown, m^.. . . . 29 “ 

« an . ;.J5 << 


This species, known only from the two tet‘th of the type, is at present 
of rather uncertain reference. Cope placed it in the Hipparion group, 
but appanmtly on insufficient grounds. The union of the protocone with 
the hypocone as well as with the protoconule is frequently observed in species 
of Proiohippus and Plinhippus wlu're the tooth crown ivS worn to near its 
base, hence II. retrusuvt^ ma,y represtmt a species of one of these genera 
which is highly specialized in this respect, the union occurring much nearer 
the summit of the unworn crown. Or the teeth described by Cope may be 
abnormal. 


30. Profohippu.s profectus Cope. 

pTotohipjmn or Hipjndiuni projeclus Cope, Proc. Ainer. Phil. 8oc., Vol. XXVI, 
1889, p. 447. 

Type: Four fragnumtary upper cheek teeth (Amer. Mus. coll.). 

Type locality: Philli})s Co., Kansas. 

Horizon: Upper Miocene. 

Author* s description (op. cit.): “The anterior inner column presents in 
the second individual [the type of P. profectus] the same flattened form as 
in the first above described [H. retrtisum], but is connected with the antc'rior 
crescent by a narrow isthmus, and not in two of the three teeth at least, 
where the part is preserved, with the posterior crescent. The animal may 
possibly belong to a species distinct from the H. retrusum^ and perhaps to 
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a species of Protohippus or Hippidium. If so, it differs from the known 
species of those genera in the posterior position and flatness of the anterior 
column ... .It approaches nearer to Equus than any known species of those 
genera.*’ 

Measurements, 


Diameters of p^: anteropost.45 mm., transv. 

It it . a 24 

Height of crown p’ . 

“ " “ . 


. 23 mm, 
20 
.19 
36 


This species, like H. retmsum^ is of doubtful reference, and was not 
well characterized by Cope. Its greater size separates it sufficiently from 
H. reirusum, although its characters so far as they can be made out seem 
to class it in the same group. 


37. Merychippuft spheiiodus (Cope). 

Hippotherium speciosum (Leidy) Cope, Ann. Rep. U. S. G. G. S. Terr., 1873 
(1874), p. 522; not of Leidy. 

Hippotherium sphenodus Copk, Proc. Am. Phil. Soc., Vol. XXVI, 1889, pp. 449, 
450. 

Cofypes: Two upper premolars (No. 8281, Amer. Mus. coll.). 

Type locality: Pawnee Buttes, Colorado. 

Horizon: Middle Miocene, Pawnee Creek beds. 

Aufhor\^ description {op. c/it): “'I'heir (*haracters arc somewhat similar 
to those of H. speciosum in the plications of the enamel, but the form of the 
internal columns is entirely distinct, referring the sjx'cies to the group of the 
H. calamariuM. 'Phe latter species is, however, distinguished by the very 
short wide form of the anterior teeth, especially of the second premolar.” 

Measurements. 

Diameters of p^ : anteropost.25 mm. transv.19.5 mm, 

<< ‘‘ p3-: “ .21 .18 “ 

This species was founded on single premolars of two individuals. They 
differ as much, in minor details, between themselves as from M. calamarium 
(Cope), the speci(\s with which Cope grouj^ed them. The general characters 
of the teeth, including the short hypsodont crowns place them in the Mery^ 
chippus group. They apparently agree more nearly with M, calamarium 
than any of the other species described, but with the material at hand their 
exact distinction or relationship cannot be certainly determined. 
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38. Mexychippus isonesus (Cope), 

Hippotherium seversum Cope, Proc. Amer. Phil. Soc., 1886, p. 359. 

Hippotherium isonesum Cope, Proc. Amer. Phil. Soc. Vol. XXVI, 1889, p. 451. 

Type: A nearly complete skull and lower jaws associated with a large 
part of skeleton (No. 8175, Amer. Mus. coll.). 

Type locaJily: Cottonwood Creek, Oregon. 

Horizon: Middle Miocene, Mascall beds. 

Author's description: (For Author’s description of species, which is long 
and detailed, sec Copi‘, op. cit.) 

Measurements of type. 


Diameters of : anteropost.22 mm., transv.16 mm. 

“ “ p3- “ .19 “ .18 '' 

“ “ p:C ..18.5 “ “ .18 

mC . .19 “ .19 '' 

li << . << 19 “ “ 17 

Height of crown of p'-* .23 


(For other measurements .see Cope's description, op. cit.) 

This type has been fully described by Cope, but its distinctions have 
not been clearly brought out. The short molar crowns with their less 
specialized characters })lace the species in the genus Merychippus, As 
at present understood, therefore, M. isonesus (Cope) may be briefly redefined 
as follows: The u})per molars are comparatively short crowned and of the 
true Merychippus type. The inner cones, pr and hy, are subequal in size, 
small and well rounded in outline, and free at their summits in an unworn 
tooth. The hypocone soon joins the metaconule, or posterior crescent, but 
the protocone remains distinct as in Hippai'wn and Neohipparion. The 
protocone has a rib, or projection, extending towards the protoconule, or 
anterior cnjscent. 

In all of these characters and in the general appearance of the com¬ 
paratively sim})le enamel foldings or plications of the enamel walls of the 
fossettes, these teeth very much resemble the type of M. scverfnis (Cope), 
but their larger size and com]mratively shorter crowns sufficiently distinguish 
them from that species. 

Other characters of importance are the comparatively short muzzle, 
and the large size and form of the facial pit which is single but occupies 
the position of both the lachrymal and malar fossfe in Pliohippus and some 
species of Neohipparion. 

This fossa is larger and deeper than in Profohippus perdifiis or any 
other species of Merychippus in which this character is known. It differs 
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especially from Phiahippus in the absence of any dividing ridge between 
the lachrymal and malar fossse. 

30. Neohipparion princeps {Leidy). 

Hippotherium princeps Lkidy, Proc. Acad. Nat. Sci. Phila., 1890, p. 182. 

Equus major Lucas, Trans. Wagner Free Inst. Sci., Vol. IV, 1896, p. 49. 

Type: An up])or prtunolar, j)^ or p^ of the right side. (No. 3290, U. S. 
National Museum coll.) 

Type localiiy: Peace Creek, Florida. 

Horizon: Probably Pleioccuie or early Pleistocene. 

Author\s (Icscripikm {op, cii,): ‘‘The size of the tooth indicates the species 
to have been as large as the ordinary domestic Horse and therefore the largest 
s})ecies of the genus yet discovered ... .The tooth, a second or third upper 
molar, is three inches long in its outer curvature and tht‘ worn triturating 
surface, repr(‘sent<‘d in the accompanying woodcut, measures 15 lines fore 
and aft and 14 lines transversely. The an*ang(‘inent of tlie enamel most 
nearly approximates the condition observ<*d in 71. occidenfale from our 
western tertiary formation. The inner column, of uniform breadth the 
entire length of the crown, measures half an incli fore and aft, and in sec¬ 
tion is horizontally reniform. The species was a third larger than the 77. 
gracilcy the largest European form.’’ 


M easurements. 

Diameter of tooth crown, antcropost. 31 mm., transv. 27 mm. 

Height of crown. 70 “ 


The insiiffieicnt material nmders it im[)ossible at present to make an 
entirely satisfactory dis]>ositioh of the specii's, but the evidence at hand 
inclines me to regard it as belonging to the Neohipparion group. 

Mr. F. A. Lucas {op. cif.) has Regarded the type s])ecimen as an abnormal 
or reverted tooth of Equus major {complicahis)^ but this supposition seems 
scarcely warranted in view of the fact that, t‘xcef)t for size, the general 
cliaracters presented are those of Neohipparion rather than Equus, The 
protocone is broad anteroposteriorly, com[)ressed transversely, presenting 
a concave inner fac(', wliile it is completely isolated. The hypostyle groove 
is deep and extends nearly to the base of the (U’own. The enamel borders 
of the fossettes are very ))licate and deeply folded, and the external ribs, or 
styles, are more strongly develope<I than is usual in species of Equus. All 
these characters are Neohipparion or Ilipparion like, but the large size and 
form of the protocone suggests Neohipparion rather than the latter genus. 

It seems more probable, therefore, that 77. princeps represents a very 






1907.1 


Gidleiy, Fossil Equidm of North Amerwa. 


911 


large and highly specialized species, and perhaps one of the last of the 
Neohipparwn group which may have survived almost or quite to the Pleisto¬ 
cene age, being a contemporary of some of the earlier species of Fjquus with 
whose remains the type tooth was found associated. 

40. Pliohippus gracilis Marsh. 

Pliohippus gracilis Marsh, Amer. Journ. Sci., Vol. XLIII, 1892, p. 347. 

Type: An incomplete hind foot. 

Type locality: Oregon Desert. 

Horizon: Probably Middle Miocene. 

Author*s description (op. cit.): “The frequent reappearance of the sec¬ 
ond digit as an extra toe in the modern horse would seem to indicate that 
this feature was functional in a late ancestor, but no fossil equine with two 
toes has yet been found.’’ [Foot note.] “A small species of Pliohippus 
from the Pliocene of Oregon may be an exception. An incomplete hind 
foot in the Yale Museum shovs the second metatarsal as a splint bone, the 
third very long and slender, and the fourth so well developed that it prob¬ 
ably su])]K)rtcd phalanges. 'Phis may be also a case of reversion. The 
species »s new, and may be called Pliohippus gracilisP 

This species was not well d(^fin<‘d by Marsh, nor does the type show any 
especially distinctive feature's. The^ character given, that of the great 
inequality of the lateral metatarsals, is frequently observed in species of 
widely different gciu^ra of Pliocene horses — hence it is not determinative. 
The siK'cies is then'forc indefinitely known at present. 

44. Pliohippus simplicidens (Cope). 

Eguus simphridens Cock, Proc.'Am. l*hil. Soc., Vol. XXX, 1892, p. 124. 

Pliohippus simplicidens (Cope) Gidlev, Bull. Anicr. Mus. Nat. Hist., Vol. XIV, 
1901, p. 124. 

Type : An upper molar or premolar of the left side, associated with three 
other upper molars of different individuals. 

Type locality: Mount Plaiico, Crosby Co., Texas. 

Horizon: Pliocene, Blanco formation. 

Authors description (op. cit.): “The size of the teeth is about that of 
the E. occidentalls and K. caballus. The internal column is of raodcT-ate 
antero-posterior extent, its posterior border marking the anterior third of 
the posterior lake. Its long diameter is considerably less than half that of 
the crown. A peculiarity found in two of the superior molars, but not in 
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two others, is that the median dentinal connection between the external and 
median crescents is interrupted by the continuity of the enamel plates bor¬ 
dering the lakes from the one to the other. This arrangement is frequently 
seen in the large pm. 3, in the species of Equus, but does not occur in the 
other premolars and molars. It Ls a reversion to the condition seen in 
Anchithcrium. A principal character of the species is seen in the extreme 
simpli(‘ity of the enamel borders of the lakes. They are without inflection, 
except the usual loop on the posterior inner border of the anterior lake, and 
this is simple and widely open at the base. At the point of junction of the 
median crescents (meta- and })araconules), the usual loo]) of the internal 
enamel border is seen. The external median rib is narrowed and not 
flattened; the anterior rib is more flattened, especially at the present grinding 
face.’' 


Mea.mrctnniis (from Cope’s figure). 


Diameters of crown, anteropost . .32 mm., transv . , .26 mm. 

Height of crown. . . . . 60 “ 


While the type tooth is not available for examination, (dope’s published 
figures indicate that it is a true molar of a young a<lnlt individual, hence 
but slightly worn by use. If true, the character of the interru})ted metaloph, 
mentioned by Cope, has no particular significance. 

The principal cliaracters shown in the type as well as the other teeth 
from the same locality, referable to this s})ecies, pt)int to a more primitive 
phase than any true spe<'i<‘s of Equus. In the simplicity of the enamel 
foldings, the small size and form of the protocone, and the less reduc(‘d pro¬ 
portions of the hy[)ocone, as well as the tendency to a sharp entrant-angular 
groove between the metaconid and inetastylid columns in the lower teeth, 
the Blanco species resembles more the knovm speci(\s of Pli()hij)j)\is, from 
the upper Miocene beds, than those of the true Equus. 

For these reasons I have, in a former publication {op. cif.) transferred 
the species to the genus PUohippus. However, the lack of sufficient material 
leaves the sj)ecies of somewhat uncertain reference. 


42. Protohippus pachyops Cope, 

Protohippus pachyops Copt:, Fourth Ann. Rept. Geol. Surv. of Texas, May, 1893, 

p. 26. 

Type: Skull and lower jaws lacking muzzle and posterior portion of 
cranium. 

Type locality: Donley Co., Texas. 

Horizon: Upper Miocene, Clarendon formation. 
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Author*s description {op, cit.): ‘‘The malar-maxillary ridge is obtusely 
rounded, and there is no preorbital fossa. There is an oval maxillo-nasal 
fossa, which is strongly pronounced. The infraorbital foramen issues above 
the middle of the first true molar. The maxillary bone projects about half 
the diameter of the last molar tooth posteriorly to it, but this dimension 
may increase a little, as the animal is not fully grown. The anterior orbital 
border marks a point above the middle of the last superior molar. The 
last superior molar is just protruding from the alveolus. The first and 
second molars are worn. Their crowns have a greater anteroposterior 
than transverse diameter, and ihe section of the protocone is greater longi¬ 
tudinally than transversely, although its junction w'ith the paraconule is 
complete. The enamel of the lake borders is simple, except that that of 
the posteritir wall of the anterior lake presents the usual loops well defined. 
The su})erior molars have the crowns long and well curved transversely. 
In the inferior molars the anterior and posterior lobes of the metaconid 
have but little anteroposterior extent, and the paraconid and hypostylid 
are well developed. The column of the last inferior molar, which forms 
the heel, is quite small. 


Meamrements (after Cope). 

TiCngth of maxillary bone to anterior border of P. m. i . 
Length of ditto from orbit to preorbital foramen. 
Anteroposterior diameter of true molars. 

Wametcr of crown of M. i .... j ‘Anteroposterior. . 

[transverse 

Length of crown of inferior true molars. . 

Length of crown of last inferior molar . 

Diameters of M.i.f anteroposterior.. .. 

[ transverse. 

Dei)th of ramus at front of M. i. . 

Depth of ramus at posterior end of M. iii. 


... 127 mm, 
. ... 64 “ 

. . 84 

... .28 
.. .25 
. . 88 
.... 30 
. ... 31 

13 “ 
.. ..46 
.... 67 “ 


Cvope’s description of the type is sufficiently accurate and detailed, but 
his conclusions were based on a misconception of the age of the specimen. 
The portion of skull was regarded by Cope as representing a young adult 
animal with the last true molar just protruding from the alveolus. But a 
more careful examination of the type shows it to be that of a colt still retain¬ 
ing the milk molars, with the first true molar just coming into use and the 
second just protruding from the alveolus, the third not yet having made its 
appearance. 

This is of especial interest and importance since Cope described and 
figured a skull, with tectli of a wholly different character, as representing 
the milk dentition of this species. But the type specimen shows them to 
be very similar, except for proportions and relative length of crown, to those 
November, 1907.^ 
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of the permanent series. As restudied, the characters of this species are ob¬ 
served to be in general those of the genus Proiohippis, but differing in several 
important details, as pointed out by Co|>e, from any of the foregoing species. 

The affinities of the young skull, wrongly referred to this species by 
Cope, arc unmistakable. The brachyodont form of the crowns, which are 
without functional cement; the large subequal and well rounded protocones 
and hypocones; and the simple, almost uninterrupted, transverse lophs in 
which the median conules are so small as to be scarcely observable are 
characters which make its reference to the genus Hffpohippiis unquestion¬ 
able. Cope remarked its close resemblance to the type of Hypohippus 
affirm Leidy, with whi(‘h it also agrees very nearly in size. 

The proportions of the teeth and height of their (*rown are almost exactly 
those of the tootli representing II. affinis, and the specimen may with little 
doubt be referred to that species. 

43. Protohippus fossulatus Cope. 

Protohippus fossulatus Cope, Fourth Ann. Rept. Ccol. Surv. of Texas, 1883, p. 30. 

Type: Portion of cranium. 

Type locality: Donley Co., Texas. 

Horizon: Upper IMioccne, Clarendon formation. 

Author*s description (op. cif.): *‘4'he dimensions of this s})ecies are 
superior to those of any otln r members of the genus e.\cej)ling the 7^. 
pachyops and P. mirahilis. It equals the former and is a little (‘xceeded 
by the latter. The eliaracters of the lateral facial fossje are peculiar, ami 
as they are exactly alike on both sides of tin* skull, I believe them to be 
normal. There is no fossa imim^diately in front of the orbit, but there is 
a narrow and deep maxillonasal fossa, whose jmsterior extrc?uity approacluvs 
nearer to the superior part of the orbit than any other. Heiu‘ath it, and 
immediately above the penultimate molar tooth, is a small but well j)ro- 
nounced fossa, which is about as large as would be ])roduc(‘d by an oblique 
impression of the end of the thumb in ])Ulty. Immediately anterior to the 
infraorbital foramen is a wider and shallower fossa. Anterior to this is a 
fossa directed obliquely downward and forward, as a continuation of the 
nasomaxillary; and below and in front of this one is a deep con<*avity of 
the alveolar border.^' (For further descri])tion see Co])e, op. cif.) 


^ Measurements (after Cojkj, in part). 

Diameters of m’: anteropost.20 mm., transv.25 mm. 

“ “ m-'’: “ .27 “ “ .24 “ 

Total length of molar-premolar series.*. .. 145 

molar series.. 69 
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This species was fully described and fairly well characterized by Cope. 

Although comparing in size with the northern Miocene species, which I 
have regarded as belonging to Pliohtppiis, P. pernix, P. rohusiv>s, P. mira^ 
bills, and P. suprernus, the general skull characters presented are more 
nearly those of Prohlppus perditus as that species is now understood. The 
maxillonasal, or laclirymal, fossa described by Cope is in form and position 
strikingly similar to that shown in a young skull of P. perditus from the 
upper Miocene beds of Soutli Dakota (No. 10S38, Am. Mus. coll.) but it 
is somewhat dee])er and more sharply defined than in tl)e latter. The 
Texas specimen also shows a deep depression of the skull, not mentioned 
by Cope, in the median line directly between the orbits, as in the P. perditus 
skull, but it is not divided as in the latter specimen. 

Other chara(‘tcrs Cfjrinnon to both species are, the unusual broadening 
of the nasals anteriorly, the comparative shortness of the muzzle, and its 
deep constri(*tion immediately in front of the preinolars. 

The larger size, the ])resence of an insipient maxillary fossa, and the 
grt'ater d(‘pth of the laclirymal fossa, sufficiently distinguish the Texas 
species from P. perditus, while suggesting a somewhat more advanced form. 

11. ? Hipparion lenticularis {Cope). 

Protohippus hmticularis Copk, Fourth Ann. Kept. Geol. Surv. of Texas, 1893, p. 41. 

Tj/pe: Two su])erior molars. 

Type Joralify: Mulberry Canyon, near Coodnight, Texas. 

Horizon: Upper Miocene, (‘‘Goodnight beds.”)= Clai’endon formation. 

Author s description {op. eit.): “Two superior molar teeth represent this 
horse'in ihe collection from Goodnight’s. They indi(‘ate a speci(‘s of the size 
of the IJippotherium s'jm-losum, and pix'sent several peculiarities. The most 
conspicuous is seen in the form of the protoeone, which is long separate 
from the ])araconule. It has an absolutely lenticular section, presenting 
acute angles anteriority and posteriorlv, and convex surface internally and 
externally. In this resptat it differs from all the species of Hippothcriuin 
and Protohippus known to me. The column is fused towards the base 
with the paraconule, so that an old animal belongs to the genus Protohippus, 
as in the case with the Protohippus placidus, described on a preceding page. 
As both the teeth of P. lenticularis are only piirtially worn, the pattern of 
their grinding faces is that of the genus Hippotherium. 

“The enamel borders of the lakes are moderately complex, the ante¬ 
rior having the posterior loop nearly isolated, and a trace only of other 
irregularities, while there are two deep notches of adjacent borders of the 
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posterior lake. The remote borders of the lakes have each a mere trace of 
a notch. There is one deep loop of the internal border, which extends to 
the protocone in one tooth and nearly to it in the other. It is rarely so 
pronounced in the three-toed horses, and when large is frequently double. 

‘‘The crown is curved transversely but not anteroposteriorly.” 

Measurement.'^ (after Cope). 

Diameters of No. 1, anteropost.,. .21 mm., transv... .19 mm.,, .height, 48mm. 

t( ti n 2 Ig 44 

This s[)ecies, founded on two isolated u])per molars, was described and 
named under Profohippns by Cojxi. Hut his reasons for placing it in this 
genus are insufficient. Ac(*ording to Cope’s statement the protocone does 
not join the protoconule (“paraconnle”) except near its base, a condition 
which may frequently be observed in old individuals of the true llipparion 
or Neohipparion. In other resj)ccts the characters presented are those of 
the latter genera rather than of Pivtohippus, 

'Jlie protoeone is small and well rounded, and in this respect is more 
like tlie European llipparion than any species descrilxjd from this country, 
except Ivcidy’s three species from Florida and South (’arolina as mentioned 
above (page 914). The character of the lenticulate form of the protocone, 
pointed out by Cope as distinctive of the six^cies, is apparently due entirely 
to the little worn condition of the tooth crown. Unlike the Atlantic coast 
species the enamel foldings are comparatively sim})le and the fossettes 
arc in character more like sj>ecies of Ncohipjmrion. It is tluirefore with 
some doubt that 1 {)lace this sy)ecies in the genus Hipparion, 

In 1899 I obtained a second s])ecimen, ap])arently of this species, from 
the Clarendon beds of Donley Co., Texas. This very much more complete 
specimen, consisting of the anterior portion of a skull with full dentition 
(No. 10584, Am. Mus. coll.) makes ])()ssil)le a better comparison and char¬ 
acterization of the sjxicies. The corresponding teeth are nearly identical 
in size and (’haracters with those on which the species was founded, hence 
they need no further description except that the protocones of the less worn 
teeth are lenticulate in form while the others have the usual rounded outline. 
The special features of importance are seen in the skull characters. The 
palate is high-arched, the muzzle is comparatively long and slender, and the 
cranium, as compared with ProfoJdppus perdifus, has a considerable vertical 
depth. 

The s|)ecies is especially Ilipparion-like in the characters of the facial 
region. The malar ridge is high and angular, and there is no malar fossa 
or depression but the lachrymal fossa i.s especially well developed. Though 
smaller in area than in the typical Hipparion <7mc?7i.¥, it is sharply defined, 
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and deeply pocketed posteriorly. In its facial characters H. lenticvlaris 
differs from all other American Miocene horses, so far as known. 

45. Pliohipjms interpohtus (Cope). 

Hippidium interpolatum Cope, Fourth Ann. Kept. Geol. Surv. Texas, 1893, p. 42. 

Type: Two upper molars. 

Type locality: Mulberry Canon, near Goodnight, Texas. 

Horizon: Upper Miocene, (''Goodnight beds.^') == Clarendon formation, 

Auilwr\s description (op, cit,): "The form and area of the grinding sur¬ 
faces are similar to those of the corresponding molars of the domesticated 
horse (Equus cahallm), Tiiey may be distinguished from the corresponding 
teeth of the species of Protohi])pus by the small size of the protocone and 
hypocone. The former reached posteriorly to the line of the anterior 
border of the [)osteri()r lake, but does not overlap it, as is the case with the 
species of three-toed horses generally. Its junction with the paraconule is 
strongly constricted. The internal enamel border between the protoeone 
and liyi^ocone is inflected to a point beyond the line of the internal border 
of the anterior lake, and in front of its apex it sends imvard a deep narrow 
loop. The lakes are relatively large, and the borders are quite simple. 
The anterior border of the anterior lake is simple; the posterior border 
has an inflection but no loop. The exterior border of the posterior lake has 
one inflection, and its posterior border a slight emargination. Owing to 
the transverse width of the lakes, their horns are little produced. Tlie 
crowns are curved transversely, but scarcely anteroposteriorly. Cementum 
abundant.’’ 

Measurements (after Cope). 


Diameters of m^: anteropost... . 28 mm., transv.27 mm, 

(( 29 “ .29.5 “ 

Height of crown of m^:... .65 ** 


This species is somewhat poorly characterized since it is known only from 
two molars, the type teeth. They are of a young adult individual, hence 
the fossettes are not so wide transversely as they undoubtedly would be with 
a greater degree of wear. In other res])ects, especially in the simplicity of 
the enamel walls, the small rounded protoeone, and the degree of curvature 
of the tooth crown, they are like the northern species of Pliohippus more than 
those of the South American Hippidion. They agree in size with P. spec- 
tans Cope. ’ 
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40. ? Hipparion eurystylus (Cope), 


Equus ewnjstylus Cope, Fourth Ann. Kept. Geol. Surv. Texas, 1893, p. 43. 

Hipparion eurydylus (Cope) Gidley, Bull. Amer. Mus. Nat. Hist., Vol. XIV, 

1901, p. 125. 

Type: A broken lower molar. Paratypes: Several lower molars and 
premolars. 

Type locality: Paloduro Canon, Crosby (^o., Texas. Locality of Para- 
types: Mulberry Canon, near Goodnight, Texas. 

Horizon: Upper Miocene, (‘Hxoodnight beds."') = Clarendon formation. 

Author s description (op. eit.): ‘‘This small but remarkable true horse 
was first brought to my notice by a broken inferior molar from the Palodura 
Canon, where it was found by Mr. Cummins. The horizon of this locality 
was unknovrn to me, but the discovery of four additional lower molars at 
Goodnight's by Mr. Cummins fixes it. It is the most characteristic speciea 
of the epoch which intervened between the Loup P'ork and Blanco. 

“The species belongs with the E. minufus, ('ope, to a section of the 
genus characterized by the relatively great width of the inetaconid-met- 
astylid column of the inferior molars, and its close appression to (he proto- 
conid and hypoconid, and hence by the relatively narrow molar crown; and 
also by the small size.... 

“ Other specimens examined since the above description was written 
throw much additional light on its characters. These are four inferior 
molars, all from Goodnight's, and all appartmtly from as many individuals. 
From these it seems that the external faces of the protoconid and hypoconid 
are flat and not convex as is usual in this genus. Also that the hypoconid 
throws outwards an acuminate or acute loop just before joining the proto- 
conid, which loop is the summit of an acute ridge of the middle of the external 
face of the crown." (For further description see Cope, op. cit.) 


Diameters No. 2 


Diameters No. 5 


Measurements (after Cope). 

’ longitudinal.... 

.’ anteroposterior . 

^ transverse. 
■longitudinal ... 

.< anteroposterior. 

.transverse. 


.55 

,24 

.10 

.40 

.22 

.12 


The type tooth is so fragmentary as to show no particularly distinctive 
features, therefore, following Cope, the principal characters of the species 
may be taken from the paratypes. A rcstudy of these teeth makes it very 
clear that Cope was not warranted in referring them to the genus Equus 
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The characters throughout are especially those of the Hipparion or Neo- 
hipparion group. The little fold of enamel observed at the antero-external 
angle of the protoconid, and the appression of the metaconid metastylid 
column to the protoconid and hy|ioconid, are characteristic features of the 
Miocene genera of the Protohippince. The little anterior fold of the enamel 
wall is commonly observtid in species of this group while it is never present 
in sf^ecies of true Eqinis. 

The tendency toward flat external faces of the protoconid and hypoconid,. 
and the external median keel, mentioned by Cope, as well as the great height 
of crown, are characters which suggest Hipparion or Neohipparion rather 
than Proiohippm or Pliohippns. 

The teeth representing this species are from the same horizon and from 
practi(!ally the same locality as those of H. loiticularvi. Moreover they 
agree in size, that is, in antero]>osterior diameter, 'with the corresponding 
upper teeth of this species, hence it seems quite possible tliat the two species 
are identical. But sin(*e the lower dentition of H, lenficularis and the 
upper dentition of II. eurysiyhis are not certainly known, this point may not 
be determined at present. 

47. Protohippus cumminsii (Cope). 

Equus cumminsu Cope, Fourth Ann, Kept. Geol. Surv. Texas, 1893, p. 67. 
Protohippus cumminsii (Cope) Gidley, Bull. Amer. Mus. Nat. Hist., Vol. XIV, 

1901, p. 126. 

Type: An upper molar of the left side associated with two other upjier 
molars. 

Tyjye locality: Mount Blanco, Crosby County, Texas. 

Horizon: Pliocene, Blanco formation. 

Auilwrs description (op. cit .): ‘‘They represent an animal of consid¬ 
erably smaller size than the latter, measuring with the E. tan and E. semi- 
plicaius. Their enamel borders are entirely simple, as in E. simpHcidens 
and are hence different from those of the E. semipKcatus. It differs from 
both the E. simpHcidens and the E. tan in the })rominent convexity of the 
internal wall of the paracone and metacone, from which it results that the 
external border of each lake is deeply concave, and the horns apptiar to be 
strongly produced. The protocone has a very short anteroposterior diame¬ 
ter, in which it resembles the E. simpHcddems, E. crenidens and E. \denoniSf 
and differs radically from the E. tau and the other species of the Equus 
beds. It is not bilobate or grooved on the internal face- 

“The subcyclindric character of the paracone and inetacone approach 
what exists in Hippidium and some species of the three-toed horses.^* 
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MeamremerUs (after Cope). 

Diameters of crown, anteropost.24 mm., transv.24 mm. 

Height of crown.33 ** 

This species is represented by only three upper molars from Mount 
Blanco, Texas. 

Although compared principally with species of Equus, both the de¬ 
scription and figures given by Cope apparently show a much closer rela¬ 
tionship with the three-toed horses of the Miocene. The small size and form 
of the protocone seems to identify this sjxjcies with the Upper Miocene 
genera, and the sim])le, widely open fossettes and concave form of the 
external walls of the protocone and metacone appear to mark its especial 
affinities to Prntohippus or Pliohippus, The greater depth of the notch 
anterior to the protocone, suggests a somewhat more advanced form than 
any species of Prolohippiis from the Miocene horizon. 

48. Proiohippus phlegon (Hay). 

Equus minutus Cope, Fourth Ann. Kept. Geol. Surv. Texas, 1893, p. 67. 

Equus phlegon Hay (to replace E, minutus Cope, preoccupied), Bull. 159, U. S. 

Geol. Surv., 1901, p. 

Proiohippuff phlegon (Hay) Gidley, Bull. Arner. Mus. Nat. Hist., Vol. XIV, 1901, p. 

Type: A lower molar, ? 1112 , of the right side. 

Type locality: Mount Blanco, Crosby Co., Texas. 

Horizon: Pliocene, Blanco formation. 

Auihor\s description {op. cit.): “The inferior molar is narrowly hyp- 
sodont, and has apparently had but a thin cementum investment. This 
appears probable, from the fact that it is as thin where protected from 
weathering as where exposed to it, i. e., in the groove between the external 
columns. The inner side of the crown shows marked ])eculiarities. The 
metacouid and metastylid are appressed to the hypoconid and protoconid, 
and are spread widely aj)art so as to be connected by a narrow antero¬ 
posterior isthmus, and iseparated on the internal face of the crown by a 
wide channel which has a gremter anteroposterior diameter than the meta- 
conid and metastylid respectively near the apex of the crown, and an equal 
width at the base of the crown. The hypostylid is also appressed to the 
hypoconid and has a recurved posterointernal angle, which forms an acute 
ridge bounding the internal face of the crown posteriorly. This incloses 
with the metastylid a flat open gutter as wide as the metastylid. A sharp 
ridge marks the internal face of the anterior border, but it is closely ap¬ 
pressed to the metaconid, which it does not equal in elevation.’^ 
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MeasuremerUs (after Cope). 


Length of crown preserved.37 

Anteroposterior diameter at middle.16.5 “ 

Transverse diameter at metastylid... .8 ** 

Transverse diameter in front of metastylid.6 “ 


This species was based on a single lower molar and is known only from 
this tooth and a series of lower molars (No. 10026, Am. Mus. coll.) from 
the same locality, which I have referred to the species in the publication 
above cited. The si^cies therefore is not well characterized. While show¬ 
ing in general a more advanced stage than the species of the upper Miocene, 
the characters, like those of E. cumminsii Cope, are apparently more those 
of Protohipptis or Neohipparioii than of Equus. The close appression of 
the mctaconid-nuitastylid column to the protoeonid and hypoconid, and the 
well rounded outer walls of the protoeonid and hypoconid are characters 
in which it resembles tlic Miocene species, while the greater backward 
extension of the metastylid, and the reduction of the anterior-external 
enamel fold of the protoeonid to a mere rudiment are intermediate chara<‘ters 
leading toward the true liquus type. If an upper molar seen by the writer, 
but unfortunately lost in the field, could be identified with this species it 
would indicate its affinity to the Neohippariou or Hipparion group rather 
than to Protohippus, for, as I distinctly remtunber, the crown of this tooth 
presented a small rounded protoconc, well separated from the protoeonid. 

A careful restudy of this species leads me to conclude that at present 
it may be regarded as a somewhat intermediate type of rather uncertain 
reference. 

49. Parahippus crenidens (Scott). 

Desmaiippus crenidens Scott, Amer. Nat., Vol. XXVII, July, 1893, p. 661. 
Parahippus crenidens (Scott) Gidley, Bull. Amer. Mus. Nat. Hist., Vol. XX, 1904, 

p. 192. 

Type: Dentition of both the upper and lower jaws, lacking the incisors, 
canines, first lower preraolar and last upper premolarr; the mandible; por¬ 
tions of the radius and ulna, femur, maniis and pes, and fragments of other 
bones. 

Type locality: Deep River valley, Montana. 

Horizon: Middle Miocene, Deep River formation. 

Author*s description (op. cit.): Desmatippus gen. nov.— Molars and 
premolars short crowned, the valleys more or less filled with a thin deposit 
of cemrmt. In the upper series the posterior transverse crest is connected 
with the outer walls and sends forward a process which extends nearly to 
the anterior conule. Inner cusps of lower teeth expanded so as to narrow 
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entrances to the valleys. Median inner cusps (a, a' of Riitiineyer) much 
more distinctly separated than in the older genera. 

rrcnidejis sp. nov.— Posterior transverse crests of upper cheek 
teeth sinuous; limbs elongate and slender; size moderate. 

‘‘This interesting new equine v^ry satisfactorily fills the gap between 
Miohippvs an<l Prolohippus. The type spe(*imen w^as found by I. Benet 
in the upper strata of the Dee^p River.’* (For detailed description see 
Scott, Trans. Amer. Phil. Soc., Vol. XVIII, 1890, p. 84.) 


Measurements. 

Diameters of : anleropost.15 mm., transv. 10 mm. 

<< p : “ ... 22 '' “ .20 “ 

<( it p3. it a it *>2 “ 

“ “ p4-: “ ... 18.5 “ “ .22 

it « “ 17 5 « 22.5 “ 

u u 1(J « U 21 ‘‘ 


(For measurements of foot bones sec Scott, Trans. Am. Phil. Soc., Vol. XVIII, 
1896, p. 89.) 

At the time' this species w^as described by Scott and made the type of a 
new genus, Dcsmalippus, the characters of Merychippm were not well 
understood, and the genera Parahippus^ Anchippm, and Hypohippiis W7*re 
not well known, the latt(T three genera being regarded by Co])e and otln'rs 
as representing milk dentitions of sp(K*ies of Profohippm or llippamm. 
As now known, with the exception of Anchippiis which I regard at present 
as equivalent to Paratdppus, these are all w’cll defined and clearly distinct 
genera. The definition of Desmatippm given by Scott exac'tly fits that of 
Parahippus lit'idy as that genus is now^ understood. And since a comparison 
of t\q)es and the study of other material amply confirm the likeness of 
characters, I have, in a former publication {op. rif.) transferred D. rrenidens 
Scott to that genus. 

The species agrees very nearly in size w ith P. breviclens (Marsh) but is 
apparently distinguished from that species by a less marked angulation of 
the metaloph, and the somewhat shorter proportionate height of the principal 
cones. Scott considered that P. crenidens stands ‘morphologically’ exactly 
intermediate between Miohippus and Protohippus. I^ut a better knowdedge 
of the tooth structure of these earlier forms of horses obtained from far more 
abundant material does not seem at all to confirm this opinion. While 
teeth of the Desmalippus {Parahippus) type represent a much more ad¬ 
vanced stage than Miohippus or Mesohippus as seen in the tendency to a 
greater height of crown, the complete union of the metaloph with the ecto- 
loph, the development of a more or less well defined spur (crochet) on the 
anterior wall of the metaloph, and in the lower teeth of a more complete 















1907.] 


Gidley^ Fossil Equidw of North America, 


923 


division of the median inner cusps (mcd. and msd.) they are still, in general 
structure, essentially Anchitheriinse-like in character, while they differ widely 
in some essential features from the Merychippus or Proiohippus form of 
tooth. The chief points of difference between the two groups, apparently 
not bridged over by any known form, are these: (1) In the upper cheek 
teeth of the Anchitherirue grouj) the inner cones, pr and hy, are larger than 
the median conulcs (pi and ml), presenting by far the greater grinding 
area. (2) The median conules, especially the protoconule, if developed, are 
more or less conical in outline, not having assum<*d the crescentic form 
observed in Merychippus. In the Protohippinee the proportions of the 
inner conevs and median conules are exactly reversed, and the greatly 
enlarged conules have fully assumed the crescentic* form essential to the 
complete inclosing of the cement lakes, or fossettes, while they form the 
princi})al functional part of the inner portion of the crown. 


50. Hypohippus equinus {Scoit). 


Anch'Uhfrinm eqvinum Scott, Amer. Nat., Vol. XXVII, July, lcS93, p. 661. 

Typo: Fragmentary skull and jaws with n(*arly complete dentition, and 
parts of the skeleton. 

Type locality: Deep River valley, Montana. 

Horizon : Nliddle Miocene, Deep River formation. 

Authors description {op. cif.): ‘^Siz^‘ e(|ual to that of A. aurcliunejise, 
but with teeth relatively larger; lower incisors without enamel ])its; humerus 
with bic ipital tubcTcle and double bic*ipital groove. 

‘‘This is the first American spc'cies of Anc*hitheriuin in the restricted 
sense in whic*h that name is here einploycMl. It was found by Mr. Benct 
in the upper bc‘ds.” (For d(‘tailecl clc-sc*riptic)n sc^e Sc’ott, Trans. Am. Philos. 
Soc., Vol. XVIII, 1896, p. 94.) 


Measurements. 


Diameters of p': anteropost,.. 

. 1,5.5 mm., trarisv.... 

11 

“ 

“ • . . 

25 

(< 

25 

a 

p‘: “ . . 

22.5 “ 

it 

2S 

u 

“ p<: “ _ 

23 “ 

(( 

. 30 

t< 

“ m^: 

. 23 “ 

(( 

29. 

a 

“ m*: 

...21.5 “ 

(( 

.29 

tt 

m”: 

...19 

ti 

. . .25 


mm. 

it 

(( 

a 

(i 

i 

n 


This species has been well dc^fined but its characters arc* without quc' tion 
those of Hypohippus as that genus is now^ understood, and it is quite distinct 
from the European Anchitherium, the genus in which it was placed by Scott. 
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51. Neohipparion whitneyi Gidley, 

Neohipparion whitmyi Gidley, Bull. Amer. Mus. Nat. Hist., Vol. XIX, 1903, 

p. 467. 

Type: A complete skeleton of an adult individual (No. 9815, Amer. 
Mus. coll.). Paratypes: Partial skeletons of five associated individuals, 
some of which are of young animals with milk dentition. 

Type hcality: Tittle White River, near the Rosebud Indian Agency, 
South Dakota. 

Horizon: Upper Miocene, Nebraska formation. 

Autlwr^s descripfion {op, cit,): Geneidjc characiersl Protocone free except 
at base, as in Ilipparion. Protocone comparatively large and usually much 
expanded anteroposteriorly. Enamel foldings simple as (compared with 
Hipparion, but usually more complex than in Protohippus or Pliohippus. 
So far as known the facial fossse are never pocketed, nor are their bonlers 
sharply defined. The median external basal column present in the lower 
milk molars as in Ilipparion^ but shorter and much more expanded antero¬ 
posteriorly. Digits, in general, more slender than in H, grarilw, and the 
lateral digits much more redut?ed: 

Specific characters. Size about equal to Neohipparion occideniale, but 
enamel foldings jnuch more simple, even more simple than in N, affine. 
N, whitneyi further differs from N, affine in the much stronger develop¬ 
ment of the styles of the cctoloph. Protocone relatively large and very 
much elongated in cross-section anteroposteriorly. Inner or lingual, wall 
of the protocone flat and slightly depressed, as is usual in Equus caballus. 
Mctapodials very long and slender. Lateral digits greatly reduced, their 
terminal phalanges not extending to the distal end of the first phalanx of 
the median digit. (For more detailed description see Gidley, op. cit.) 


Measurements (in part). 

Diameters of pM anteropost.9..5 ram., tranav.7 mm. 

'' p*: .29.5 ‘‘ “ .23.5 '' 

“ p8: .25 ** .25 

“ p*: “ .25 “ .25.5 “ 

.22 ** “ .23 “ 

“ “ m*: .24 ** ** .23 

ft 

Total length of series.152 “ 

Width across external incisors.55 “ 


iThis deflnition has been revised and made broader to Include more accurately all the spe¬ 
cies referred to the genus. 
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Milk dentition (upper). 

Diameters of dp^* anteropost.31.5 mm., transv.21.5 mm. 

“dp*: “ .26 “ “ .21 “ 

“ “ dp<: “ .29 “ “ .20 “ 

This species was selected as the type of a new genus (op. cit,) closely 
allied to, but apparently distinct from, the European Hipparion, The 
genus includes practically all the North American species of upper Miocene 
horses, described by Leidy and Cope under the synonymous names Hijh 
parion and Hippotherium. The si^ecimen on which the species was founded 
being so unusually complete and well preserved constitutes a remarkably 
good type for comparison. 

52. Protohippus simus Gulley, 

Protohippus simus Gidlky, Bull. Amer. Mus. Nat. Hist., Vol. XXII, 1906, p. 139. 

Type: Anterior portion of adult skull with nearly complete dentition 
(No. 9820, Aincr. Mus. coll.). Paratype: A portion of upper jaw containing 
all the large cheek teeth, except ml, (No. 10871 Amer. Mus. coll.). 

Type locality: Little \Miite River, near the Rosebud Indian Agency, 
South Dakota. 

Horizon: Upper Miocene, Nebraska formation. 

Authors description (op. cit,): ‘‘These specimens represent an animal 
very distinct from species of the P, mirahilis and P. supremos type, but 
apparently more close ly allied to P, perdiius, though somewhat larger and 
differing from that speeaes in the following characters: 

“In tli(5 upper teeth (he protocones show a more progressive stage in 
their fuller development anteriorly, thus forming a deeper infolding of the 
enamel between them and the protoconules. In other respects the teeth 
do not differ greatly from those of P, perditus except that the cement lakes 
are narrower transversely. 

“ The chief points of difference are in the skull charactei-s. The muzzle 
is short but much broader than in P, perditus. The incisive border is but 
little curved. This, together with its great breadth, gives the muzzle a 
rather truncate appearance. 

“ The palate is broader and less arched than in P. perditus, especially 
forward of the premolars, where it is relatively very flat. The anterior 
palatine foramina are elliptical in outline and are placed in about the same 
relative position as in P. perditus, 

“ The malar fossa b wanting, as in P. perdiius^ but the lachrymal fossa is 
broader, much shallower, and less sharply defined than in that species. 
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The skull appears to have a comparatively great vertical depth, but this 
may be due in part to distortion, as it is somewhat compressed laterally. 

^^Measurements, 

Type (No. 9820). 

Length of dental series m® to i®.200 mm. 

“ “ molar-premolar series m^ to p^... 135 

“ molar series. 62 ** 

“ “ diastema between canine and . .15 

muzzle from pHo P.65 

Diameters of m^ (antero-posterior. ... 20 

(transverse). .. . 23 

Diameters of p'* (antero-po.sterior). , 21 

transverse. ... . 24.5 

Width of palate between fourth premolars. . 4S 

** “ “ first ... . 41 

“ at narrowest point. 31.5 

** across incisive border... 61 “ 

Depth of skull taken in line with m‘... 112 “ 


53. Neohipparion dolichops Girllry. 

Neohipparion dohehops Gidley, Bull. Mus. Nat. Hist., Vol. XXII, 1906, p. 148. 

Type: A portion of the right maxillary containing the molariform 
cheekteeth from p" to nr, inclusive (No. HKSCr) Ainer. Mus. coll.). 

Paratype: Complete lower jaws with full dentition, and an associated 
upper molar, m^, (No. 10832 Amer. Mus. coll.). 

Type locality: Big S])ring Cafion, near head waters of the Tattle White 
River, South Dakota. 

Horizon: Upper Miocene, Neliraska formation. 

Author\^ description {op. cit.): ‘‘These specimens re])resent a species 
about equal in size to N. affine (Ixudy). But they difier from that species 
in (1) the more open fossettes in the upper teeth, (2) the greater complexity 
of the enamel foldings, an<l (3) the proportionally smaller and more rounded 
protocones. 

“From N. occidentale this species differs in (1) its smaller size and (2) 
different proportions of the })remolars, which are relatively broader trans¬ 
versely. 

“Compared with N. whitneyi it is distinguished by (1) it smaller size 
and (2) by the greater number of folds in the enamel walls of the metaloph 
in the upper teeth, (3) the more open fossettes, and (4) the more rounded 
forms of the protocones. The small portion of skull preserved in the type 
does not admit of many comparisons, but a distinctive feature is shown in 
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the extreme forward position of the infraorbital foramen, w’^hich is placed 
directly above the space bet\veen p^ and p^ The masseter ridge extends 
but little farther forward than in N. whitneyL 

** llie lower jaw is much longer and more slender than in N. whitneyi, or 
any other known Miocene species of horse. The muzzle portion is propor¬ 
tionally longer than the average of a dozen specim(ms of Equus cahallus 
examined. 

‘'The Iow(u- border of the ramus is bowed as ifi N. whitneyi and N. 
graf 11711, 


'^Mensurements of Type (No, 10S65). 


Diameters of p'*^: anteropost.. 

30 nun., transv... 

22 

mm 

a .. p,. 

23 “ ‘ ‘ 

23.5 

ii 

H << pi < 4 

23.5 “ “ . . 

. 23 + 

11 

“ m': “ 

. 20 ‘‘ “ . 

22 

it 

“ in*: “ 

. 20 . 

. 21.5 

(< 


51. Neohipparion niobrarense Gidky, 


Neohipparioii niobrarense (Jiulky, Bull, Ainer, Mus. Nat, Hist., Vol. XXIT, 1906, 

p. 151. 

Ty'pc’, Anterior jamion of skull A\ith lower jaw.s, both containing com¬ 
plete dentition (NO. 10828, Amer. Mus. coll.). 

Type locality: Near Fort Niobrara, Nebraska. 

Horizon: Upper Miocene, Nebraska formation. 

Author's description (op, eit,): “The type of this species re})resents an 
animal but little larger than N. gratum and dilfering from it in the follow¬ 
ing characters: 

“(1) The skull, especially in the nasal and premaxillary region, is 
longer and narro^^er; (2) the palate is narrow and more arched; (3) the 
anterior ]mlatine foramina are more open but do not extend as far back¬ 
ward as in N, gratum.) the ])osterior palatal notch apparently extends as 
far forward as the middle of m^ (4) the malar foSvSa is wanting; (5) the 
lachrymal fossa is larger, extends farther backward, and has a rather sharply 
defined posterior border. (6) the symphysis of the lower jaw is longer and 
narrower than in N, gratmn but is not so extreme in proportions as in N, 
dolichops; and (7) the ramus is bowed as in N, gratum but has a less vertical 
depth. 
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“ Mea>surement8 of Type (No, 10828), 

Diameters of pM anteropost.11 mm., transv. 7 mm. 

19.5 

21.8 

21.6 
20.5 
20 

19 “ 


Total length of molar-premolar series including p*.117 mm. 

Total length of molar-dental series, m* to i‘.185 '' 

Length of diastema between p^ and i*. 53 

Width of palate between first molars.38 “ 

Width of palate between second premolars.27.5 

Width of palate in front of first premolars. . 21 

Width of incisive border .. 28 “ 

Height of skull above ni‘... . .. 86 “ 

Distance from orbit to anterior narial notch.115 ‘‘ 


n 

a p2. 

a 


. .22 


a p3. 

a 


..16.8 

il 

“ p^ : 

t( 


.17 

u 

“ in': 

a 


.. 16.5 

a 

“ m*: 



..16.4 


“ m’’: 

(t 


. .21 


mai. 


Lower Jaw. 

Total length of jaw'. 

Length of complete dental scries m 3 to i,. 
Length of inolar-premolar series... 

Length of diastema between p^ and . . 
Width of symphysis at narrowc.st point... 
Width across incisive border.. 

Depth of jaw at m,. 

Height of condyles above bottom of jaw'... 


....265 
... 185 “ 

. ..no “ 

. 52 “ 

...21 “ 

.... 34 
. .. 53 
....140 “ 


‘‘The ty|)(; spec iinon is of a very old individual with the tooth cliaraclers 
practically obliterated by wear. The skull and jaw characters, therefore, 
form the basis of its gcuieric reference. 

“In a lot of upper teeth in the United States National Museum, rc‘ferred 
by I^idy to his ** Hipparion sperio^nim/* there are several specimens which 
agree in size' with the teeth of N. niohrarensvi. These specimens are clearly 
of the Neohip})arion pattern and are possibly referable to this species.“ 


Merychippus campestris sp. nov. 

Type: Upper molar — preinolar series of the left side associated with 
the lower jaws fragments of skull, vertebree, and portion of fore and hind 
limbs and feet. (No. 9009, Amer. Mus. coll.) 

Type localily: Pawnee Buttes, Colorado. 

Horizon: Middle Miocene, Pawnee Creek formation. 

Species character: In the American Museum collection of fossils from 
Pawnee Buttes, Colorado, there is a specimen, consisting of upper teeth 
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associated with the lower jaws, fragments of skull, vertebra?, and portions 
of the fore and hind limbs and feet, apparently all of one individual. This 
specimen represents an undeseribed species of horse representing apparently 
a Pliohippus phase of the Merychippus group. The milk dentition is not 
known, but the tooth crowns are apparently as short as in many of the spe¬ 
cies in which the milk teeth are knowm to be of the brachyodont type, and 
the specimen comes from a lower horizon than any known species of PZio- 
hippiis, with the possible exception of Pliohippus spentans (Cope) from 
Cottonw^ood Creek, Oregon. The characters presented are more primitive 
throughout than those of other described species of Pliohippus. 

The upper molars though somewhat smaller have much the same general 
appearance as Pliohippus spertans, but dilTer from that species in the fol¬ 
lowing particulars: (1) The molars are shorter crowned; (2) the external 
cones (jm and ma) are thicker transversely, making a less transverse width 
for the fossettes; and (3) the protocones are smaller and more rounded, 
being nearly circular in outline as in the South American Hippklion. Like 
P. specians, the horns of the fossettes end in broadly open loups and their 
enamel bordei*s are very simple throughout. 

The lower jaws arc comparatively long and slender; the symphysis is 
shallow’ but heavy. There is a considerable diastema between the canine 
and tli(‘ first incisor. The low er borders of the rami are considerably bowled, 
but the jaws have the appearan<‘e of having been deformed by some disease 
of the bone in life wdiich affected especially the rt^gion of the ramus con¬ 
taining the molariform teeth, hence there is some doubt as to this being the 
normal form. 

There are apparently no s|)ecial characters shown in the portions of 
skull preservt'd, except that tJie space between the postgltmoid process and 
the mastoid process is somew hat greater than in horses of the Neohipparion 
whiincyi type, the postglenoid process is more robust, and the mastoid bone 
extends outward and overlaps the exoccipital to a greater degree. In these 
characters it more nearly resembles Fj(juu>s cahallus. 

The atlas is more })rogressive in general character than that of N, 
whiincyi of the Upper Miocene or any species of horses from the middle 
Miocene in which the atlas is knowm. The transverse processes are w-ell 
expanded and the anterior external notch is partially inclosed, suggesting 
a strong tendency to the condition of an inclosed foramen which has been 
attained by Eqnus and Hippklion. 

Metacarpal III is moderately short and heavy (see measurements) and 
the lateral metaearpals, mil and mlV, are very much reduced. The shaft 
of the ulna is much reduced and fused with the radius for the greater part 
of it^ length. 

November, 1907,] 


SB 



930 


Bulletin AmcricMU Mvtieum of Natural History, [Yol. XXIII, 


Memurenunis, 


Leng;th of jaw forward of prcniolars.. 
Diastoina between })reinolar 2 and canine. 
Depth of symphysis. . . 

Width of sym])hysis at narrowest |X)int. 


Diameters p’: anteropost . 

..13 nmi., transA’. .. 

. . .. 7.5 mm. 

“ p*: “ . 

.29 “ 


. 22 

p3: “ . 

.23 

“ 

. 25 “ 

“• p": “ 

.23 

“ 

. 25.5 “ 

in': 

.20.5 “ 

(( 

. 24 “ 

“ in»: “ ... 

.21.5 

(< 

.... 25 

“ m»: “ . . 

.21.5 “ 

<< 

. 21.5 “ 

Total length of molar premolar scries. . 


. 144.5 “ 

Total width of occiput of skull 



. ..80 “ 

H l< i( << 



.... 55.5 

Width of condyles . 



3(K) 


<S7 

35 

30 

31 


Depth of ramus at p^ 

.41 

“ “ angle immediately behind m^... . 

. 7S 

Length of radius. 

. . 225 

Width of radius at distal end 

. 44 

l.«ength of metacarpal Til ... 

175 

Transv erse diameter, proximal end. 

. . . 2S.5 

Anteroposterior diameter, proximal end 

. 21 

Transverse diameter at middle of shaft 

. 21 

distal end shaft 

. . 25 

Ijcngth of femur. 

.241 

“ tibia, exclusive of spine.. ... 

. . .275 

Transverse width of tibia, proximal end 

. . . 00 


58. Hypohippus osbomi sp, nov. 

Type: A nearly coinplcdo skeleton (No. 0407, Auht. ]\rus. coll.). Found 
by Barnuin Brown, Ainer. Mas. Expedition of 1901. 

Pnratype: A palate Avith eonipleti* dentition, associated with lower jaws 
and other parts of the skeleton (No. 9395, Amer. Mus. eoll.). 

Type hcalily: Pawru^e Buttes, northeastern Colorado. 

Horizon: Middle Mioet'ue, Pawnee Creek beds. 

Species characters: As indicated l)y the teeth, this species is intermediate 
in size and progressiAe dcAelopinent betAveen IT. affinis, the type of the 
genus, and 11, equinns (Scott), the latte r being the smallest and least special¬ 
ized. Compared Avith II. eqninus the principal differences are, (1) cheek 
teeth rolatiA^ely longer (‘rowned; (2) outer walls of upper check teeth more 
deeply curATd; (3) protocone and hypocone more compressed antero- 
posteriorly; and (4) the incisors are rclatiA^ely wider. 

It does not seem necevssary here to describe in detail the different ele- 
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ments of the type skeleton since, except for tlic^ir somewhat larger size, they 
so nearly resemble those of the H, eqainus specimen so fully described and 
compared by Scott.^ However, a few skull characters and points of skele¬ 
ton proportions, not so clearly shown in the less complete type of II, equimw, 
seem of sufficient importance to merit note. 

In general the skull and teeth have retained many of the more primitive 
characters seen in Mesohippus while the lines of specialization have been, as 
pointed out by Scott, away from rather than toward the line of descent leading 
to the modern forms of horses. Thus the median eonules (ml and pi) have 
diminished in size while the tooth crown has but slightly or not at all increas(‘d 
in height. The skull and jaws also have become somewhat more elongate 
but have decreased rather than increased in vertical depth. Other char¬ 
acter’s of the skull worthy of note arc presented in the gi'eat enlargement of 
the lachrymal fossa which forms a deep pocket in iho, side of the face, and 
in the broad exj)ansion of the nasals, especially in their anterior portion. 

The unusually complete* skeleton on which the g(*nus Neohipparion 
(N. whifiiepi) was found affords an o})portunity for an int(‘resting compari¬ 
son of two wholly difierent types of horses. 

In gen(‘ral proportions II. o.^horni is long('r necked, longer bodied and 
shorter limbed than X. irhiincifi. Hie relatively smaller head with its 
brachyodont uneemeiited teeth, its less vertical depth, its more anteriorly 
placed orbits wliich are not inclovsed btdiind, presents a totally different 
appearance from that of X. irhiitieql which i.s very much nearer the typical 
modern horse. A comparison of the f(‘et also shows some marked differ¬ 
ences. In IJ, nshnrni the lateral toes are relatively no more reduced than 
in Mcsohippvs and arc functional, this togeth(*r with the long, flattened, 
terminal phalanx of the median digit pres('nts to the ground a compara¬ 
tively larg<' foot ar(‘a. In .V. whifnet/l the toes are long and slender, the 
lateral ones being so greatly reduced as to rcnd(*r the foot j)ractica]ly mono¬ 
dactyl. 

^^(asurc^nef^tf< of TcHh. 


Diameters of p‘, anternponl.. 
“ p3, 

“ |)3 >, “ 

‘‘ “ 111', 


18 mm., transv. 

11.5 

mm. 

, 27.3 

ic a 

26. 

a 

.25.7 

a <( 

28 7 


27. 

{( i( 

20.9 

i( 

.27.2 

i( u 

31. 


. .23.3 

(( (( 

31 5 

it 


t( it 

27.8 

ft 




. 151 ne 

to m*). 



.. 69 

incisors. 


. . 44 

external 


’ Trans. Amcr. Phil. iSoc., Vol. XVIII, 1896. pp. 94-122. 
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Skull Measurements. 

Total length of skull, incisors to condyles.371. 

“ palate.164. 

Width of palate between first molars.54, 

Length of diastema between upper canine and i'^. 10. 

n it It it tt a tt pi 9g 

Width of skull across zygoma.160.3 

condyles.60.4 


59. Parahippus pawniensis sp. nov. 

Type: Tlie upper and lower cheek teetli of one side, and fnigincnts of 
the skeleton, including parts of the feet. (No. 9085, Ainer. Mns. coll.). 

Found by Handel T. Marlin, Ainer. ]\Ius. Expedition of 1S9S. 

Type locality: Pawnee Buttes Creek, northeastern Colorado. 

* Horizon: INliddle Miocene, Pawnee Creek beds. 

Species characters: (1) Cheek teeth shorter crowned than in any other 
species hitherto described; (2) The inetaloph in the upper teetli is com¬ 
paratively straight, with enamel walls simple except for the median anterior 
fold, or crotchet; (3) crotchet slightly united with the protoconule at its 
base; (4) external walls of paracone and metacont^ ndatively flat, as in P, 
(yrenidens^ with only a faint indication of the median rib; (5) crowns of upper 
cheek teeth proportionately narrower than in P. creniderts; (0) the nieta- 
stylid in the lower teeth less prominent and less distinctly separated from 
the metaconid than in the other known .species of this gemus. 

5,This type apparently repre.sents one of the least specialized species of 


the genus. 

M easuremenis . 

Diameters of p’, antcropost. mm., trunsv.19. mm. 

‘‘ “ p^ “ .17.9 “ “ .19.S “ 

“ p^ “ .17.2 “ “ .20.1 “ 

“ m’, “ .17.S “ “ ... .;20. “ 

'' “ m^, .10.5 “ . ...18,7 

m^ ‘‘ .15. “ .17. “ 

Total length of series p^n’’ (approximate).92, mm. 

Total length of molar series (iif-m^).46.2 “ 


60. Parapippus cohrademls sp. nov. 

Type: A single up})er molar, m® (No. 9040, Amer. Mas. coll.). 
Paratypes: two fragments of lower jaws containing teeth (Nos. 9412 
and S2S2, Amer. Mus. coll.). 

Type locality: Pawnee Creek, northeasteni.Colorado. 

Horizon: Middle Miocene, Pawnee Creek beds. 
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Species characters: (1) Larger than P. pawniensis^ about equaling P, 
crenidens in size; (2) tooth crown comparatively high; (3) outer walls of 
the paracone and metacone strongly ribbed, (4) metaloph with crotchet well 
developed, the type tooth presenting two additional enamel folds; (5) the 
metastylid of the lower teeth well developed and separated from the meta- 
conid by a well marked groove reaching nearly to the base of the crown. 
(6) On the external walls of the lower teeth the enamel is very rough, almost 
wrinkled in appearance. 

The characters presented in these teeth indicate a species of Parahippus 
somewhat more advanced in development than P, crenidens, and decidedly 
more specialized than P. pawniensis. 


Measuremejits. 

Diameters of (tyf)e), anteropost.. . 16 min., transv. 20 5 mm. 

“ “ P 4 (No. 9412) .21.5 “ ‘‘ . 17.5 “ 

1112 ‘‘ “ .-9. “ ‘‘ ... 15.5 

Height of crown of ni\. . 14.5 mm. 

“ “ p^ . . 15.5 “ 

Total length of lower scries, less p,,. .128. ** 


Summary and Conclusions. 

In the foregoing revision the lines of comparison and study have been 
confined principally to characters of the teeth and skull, for the reason that 
by far the greater number of species of horses have been foundtnl on tooth 
and skull material not associated with other parts of the skeleton. The 
expeditions of the last few years however are constantly increasing the 
collections and adding quantities of more complete nialerial, including 
many specimens in which teeth and bones of the feet are associated. This 
class of material will greuitly aid in working out more fully than has been 
done the characters of foot development of horses, and should result in 
throwing added light on the phyletic relations of the extremely varied 
groups which seem to have reached th(ur culmination, as regards num¬ 
bers of genera and species, in the Miocene period. 

The principal results attained by this study are, first, a better under¬ 
standing and intcrpr(‘tation of the principal characters shown in the numer¬ 
ous and varied typ<'S representing the American Miocene ITors(\s; se4*ond, 
the reestablishment and better definition of several of the genera and species 
proposed by I^idy, the validity of which was questioned by Cope; and 
third, a reclassification of tlu* entire family of the Equiida\ 

As at present understood, the fact seems to be fairly w(‘ll established that 
there is a considerable phyletic hiatus between the groups oi the EquidsB 




934 Bulletin American Museum of Natural History, [Vol. XXIII. 

as above subdivided, which are as yet not bridged over by intermediate 
fonns. Sucli a hiatus seems especially marked between the Anchitheriinae 
and the Protohippinae, while these groups greatly overlap each other in 
time. So far as indicated by any known species the Anchitheriinae could 
not well have stood in direct ancestral line to the latter group or to the 
Equiinae. There seems also to be almost as decided a gap between the 
Anchitheriinae and the known species of the older group, the Hyracothcriinae. 
The Equiinae may well have been derived from some species of the Proto- 
hippus division of the Protohippinae. 
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Article XXXVI.~~ NEW FORMS OF CATOCALA. 

By William Beutenmuller. 

The following paper contains a few notes on imperfectly known species 
and descriptions of some appanmtly new forms of Catocala that for some 
years have remained unnamed in the Museum and other collections. 

Catocala nevadensis sp. nov. 


Male and Female .— Head and thorax black mixed \^ith white. Fore wings 
black, finely powdered with white and blue, and shaded with white. Transverse 
anterior line broadly geminate, black, filled with white or gray; two subcostal teeth, 
thence with two strong outwardly oblique, curves or zigzags. Transverse posterior 
line black, distinct, very strongly dentate, the two teeth opposite the cell subequal 
and very sharply pointed, thence with smaller, subequal, sharp teeth to the lower 
inflection which is short and usually filled with black. Subtcnninal line very broad, 
almost upright, white, and strongly dentate. Space between the posterior and 
subterminal lines creamy white dusted with black. Renifonn almost obscured by 
a black shade; when evident it is whitish with a black lunule. It is preceded 
and followed by a white shade costally. Subreniform white, pow'dered with black 
and connected with the posterior line, closed or slightly open T(‘rininal space 
dusted with white with a row of small black spots on the margin. Fringes gray 
or whitish. Hind wings brick red. Median black band broad, and tenninating 
abruptly some distance before the inner margin. Marginal black band not very 
broad. Fringes white. Vruier fnde: Fore wings black with a discal, white half¬ 
band and a broad white band beyond the middle. This band is distinctly dentate 
above the inner margin. Hind wings dull brick red. Median band more irregular. 
Marginal band similar to the above. Expanse, 70-78 ram. 

Habitat .— T^ake Tahoe, Sierra Nevada, California, August. 

Types .— Three mules and five females, American Museum Nat\iral History. 

This species was rcc(‘ive<l by tl)c late Hy. Edwanls some years ago from 
Mr. McGlasIian who bred it from larva* found on willoAv in July. It is a 
very striking species and may be known at once by the black fore wrings 
with wriiite shades and the very prominent dentate, transverse posterior and 
subterminal lines. Tlie median band of the hind wrings is very similar to 
that of C. (/roteana. 

Catocala nevadensis var. montana var. nov. 

Male and Female .— Head and thorax bluish white mixed with black. Fore 
wings almost unifonn bluish gray and evenly powdered with black atoms making 


935 



*936 Bulletin American Museum oj Natural History^ [Vol. XXIII, 

the creamy white shade and subterminal line less conspicuous than in the type 
form. Eeniform large, black-ringed, in a blackish and bluish shade. Subrenifonn 
white dusted with black. Transverse anterior and posterior lines as in the type but 
less prominently colored. Hind wings the same as in the type. Expanse, 70-78 
mm. 

Habitat. — Lake Tahoe, Sierra Nevada, California; Sissons, Shasta Co., Califor¬ 
nia; New Westminster, B. C. 

Types :— Four males and six females, American Museum of Natural History. 

This is apparently a pale form of C. nevadensis. It may be known by 
the broad, pale blue gray fore wings, which are finely pow^dered with black. 
It very much resembles C. pvra but it is a heavier bodied and broader winged 
insect. It is possible that C. nevademis and its variety may ultimately 
prove to be nothing more than fojins of C. pura but in the present status 
of the case, 1 urn unable to decide. 

Gatocala groteana Bailey. 

Catocala groteana Batt.fa, N. Amer. Kntomol., Vol. I, 1879, p. 21 ; Snow% Trans. 
Kans. Acad. Sci., Vol. ATII, 1883, p. 38; French, Can. Ent., Vol. XXXTII, 1901, 
pp. 12, 206; Holland, ^Moth Book, 1903, p. 264, pi. xxxii, fig. 4. 

Catocala brisiis var. groteana Hulst, Bull. Bk. Ent. Soc., Vol. Ill, 1880, p. 10; 
ibid.y Vol, VII, 1884, p, 46; S.vow, Trans. Kans. Acad. Sci., Vol. VTI, 1881, p. 63; 
Smith, Bull. 44, U. S. Nat. Mus., 1893, p. 342; Dyar, Proc. IT. S. Nat. Mus., Vol. 
XXVII, p. 878. 

This is a muoli larger and broader winged species than C. hriseis^ of 
which it was coiLsidered to be a variety by certain writers. I consider it to 
be a valid sf^ecies. 


Catocala briseis var. albida var. nov. 

Female. — Head and thorax whitish gray. Fore wings bluish gray, whitish on 
the costa before and beyond the reniform. Transverse lines distinct, black. Reni- 
form black with a whitish and black annulus. Subrenifomi whitish, black-ringed. 
Subtemiinal line bluish white. Hind -wings as in C. briseis. 

Habitat. — Manitoba, Canada. 

Type. — One female. Collection of George J. Keller. 

This strange form of Catocala bnseis may be knowm at a glance by the 
bluish gray fore wings and the contrasting, black transverse lines. 


Gatocala unijuga var. agatha var. nov. 


Femak. — Head and thorax dark brownish black, sparsely mixed with white. 
Fore wing uniform dark brownish black with whitish atoms. Transverse lines and 
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spots obscured by the ground color of the wings. Subterminal line white and dis¬ 
tinct. Hind wings the same as in C. unijvjga. Expanse, 84 mm. 

Habitat ,— Wisconsin. 

Type .— One female. Collection United States National Museum. 

Catocala unijuga var. seiuirelicta Grote, 

A colored figure of the type of Catocala semirclicta was kindly sent to me 
by Sir George F. Hampson with the statement that ‘‘it is certainly not C. 
briseis, hut may he a variety of C, unijnr/a.** It is nearly like the form 
described hv C. E. Worthington as Catocala lucilla (Papilio, Vol. Ill, 1883, 
p. 39), which is considered to he a variety of C\ 'imijuga. The type of C. 
semirclicta is v(‘rv iiUich faded an<l very unlike the figure published by Grote 
(Proc. Buff. Soc. Nat. S<'i., Vol. II, 1875, pi. i, fig. 11). 


Catocala diantha sp. nov. 

Male and Femalr .— Head and thorax dark grayish brown. Fore wings pinkish 
brown or pinkish gray, finely dusted with black scale.s. Transverse anterior line 
broadly geminate, l)lackish or brown, with three distinct waves or broad denta¬ 
tions, the iipf>er one .sometimes in form of two subco.stal teeth. Transverse poste¬ 
rior lino distimitly dentate, the two teeth opposite the cell, broad, not long, and 
subequal, thence with a small tooth, follow'ed by tw^o large teeth, wliich take in the 
subreuiform; lower inflection broadly ojwn outw^ardly. Subtcmiinal lii>e grayish or 
pinkish, prcc'oded by a more or less distinct brown shade. Terminal row of spots 
black. Keniform subobliterate, and in a brow'ni.sh or blackish cloud, with two 
black rings. Subreniforin large, pale withbrowm scales, connected with the poste¬ 
rior line and usually oj)en. Hind wings bright red. Median black baud curved, 
veiy slightly constricted and tt'rminating some distance before the inner margin, 
Marginal black band not very broad, with a very narrow creamy white apical patch 
which is sometimes wanting. Fringes white or soinew^hat cut with brown. Under 
side: Fore wings black, with a wiiite discal half band and curved, broad, white 
hand beyond the middle. Af)ex ashen white. Hind wings dull red, w^hitish 
beyond the median hand, from the costa to the middle. Median band more irreg¬ 
ular, Marginal band sometimes narrowly edged with creamy yelknv tenninally. 
Fringes wholly white. Expanse 60 to 68 mm. 

Hahdat .— (llonwood Springs, (''olorado, Jiily-Sept., and Hiiachuca Mts., Ari¬ 
zona (William Barnes); New’ Mexico (F, H. 8now); Colorado and Arizona (Jatjob 
Doll); Denver, Colorado (K. J, Oslar); Las Vega.s, New Mexico (Schwarz and Bar¬ 
ber). 

Types .— Collections, William Barnes, Jacob Doll, American Entomological 
Society, American Museum of Natural Hi.story, and United States National Museum. 

A fine series of this singular .species is before me and I nm unable to 
associate it with any of the knowm species of Catocala. It belongs in the 
faustina group and it is possible that it may ultimately prove to be a form 
of C. veremindiu It may be recognized by the pinkish browm fore wings. 
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Oatocala eupheznia s]). nov. 

Head and thorax dark gray brown, somewhat subolivaceous with glaucous hairs. 
Fore wings almost uniformly colored, gray brown with a subolivaceous tint. Basal 
half-line black, with a large tooth. Transverse anterior line black, much dilated 
on the costa, with three large outward curves, and preceded by a subolivaceous 
shade. Basal dash black, sometimes absent. Transverse posterior line black 
heavily marked on the two large teeth. The two teeth opposite the cell, strongly 
produced and vary acute, thence with two stnall teeth and a large blunt one; lower 
inflection long and broad, Reniform subolivaceous with two black rings. Sub- 
reniform large, concolorous with the ground color, black-ringed and coimected with 
the posterior line, where it is broadly open. Space beyond the posterior line sub¬ 
olivaceous with the stihterminal line grayish and strongly dentate. Hind wings 
dull orange yellow. Median black band strongly constricted at the middle and 
nan'owly tenninating at the inner margin. Marginal band black, edged with yel¬ 
low, apical patch yellow. Fringes yellow, slightly cut with brown. Under side: 
Fore wings largely pale orange yellow, an oblique, black discal shade band, and a 
broad black transverse band beyond the middle which is strongly angulated above 
the inner margin; terminal band black dusted with orange. Hind wings orange 
yellow. Median band narrow and very strongly constri(‘ted. Marginal band nar¬ 
row, orange terminally and at the costa. Fringes uniform orange yellow. Expanse 
80 to 85 mm. 

Habitat ,— Iluachuca Mts., Arizona; Texas. 

Types .— American Entomological Society. American Museum of Natural His¬ 
tory, and Brooklyn Institute of Art and Science. 

Allied to C. snlmata and C. nvoyama and it appears to be an interiiiediatc 
species. It may be known by tlie uniform, evenly colored dark gray brown 
fore wings with a soraeuhat subolivaceous tint. The traiis\(^rse anU^rior 
line is curved diflVrenlly and is le.ss oblique than in C. suhnafa, making the 
basal space smali(‘r. The transverse posterior line and spots are similar 
to those of C. sufmata. It was deserilMMl from four males aud one feniah'. 
Specimens are also in tin* eoll(*etions of Mr. O. (>. Poling and Dr. AVilliam 
Barnes. 


Gatocala volunmia IIy. Ed\car(h. 

I consider C. volumnia to be a valid species and not a varuuy of C. ireue, 
as it was placed by the late Ily. Edwards and tdher writers. Mr. O. (- 
Poling sent me a fine speeimen from Los Angeles, ('alifornia, in which the 
hind wings are bright carmine and the fore wdngs mort^ brilliantly colored 
than the type. A s])eeimcn was also received from Cartwright, ("anada, 
by Dr. James Fletcher, wdiieh is very similar to the one in Mr. Poling’s 
collection. 
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Oatocala faustina var. lydia var. nov. 


Male and Fema/e.-—Fore wings heavily overlaid with blackish scales so as to 
ahnost obscure the ground color and markings. Subterminal line and space between 
the geminate transverse anterior line bluish white. Hind wings the same as in C, 
faustina. 

Habi^tat .— Provo C-ity, Utah; Lake Talioe, Sierra Nevada, California; Montana; 
New Mexico. 

Types .— Collections, American Museum of Natural Historj^’. United States 
National Museum, Jacob Doll, and (leorge .1. Keller. 

An extreme form of C. fausthiay bearing the same relationship to this 
species as the variety somnus docs to C. luciava. A fine series of C. Jamiina 
is in the collection of Mr. George J. Keller showing intergradations betw^een 
the ty])e form and the variety. Mr. Jacob Doll bred this form from Willow 
in New Mexico. 


Gatocala c»rulea sp. nov. 

Male .— Head and thorax blue graj’ mixed with black. Fore wings blue or 
bluish gray mixed with tine black atoms. Transverse anterior line black, geminate, 
with three prominent dentat ions. Transverse posterior line black with the tw'O teeth 
opposite the cell moderate, siiboqual, lower part of line with a strong inward bend. 
Beyond this line is a brown shade. Subterminal line black, dentate, and filled with 
blue gray. Benihirm brown mixed with blue, margined with black and containing a 
black lunule. Subreniform sordid wdiite and connected with the posterior line. 
Hind wings red with the black median band broad and not reaching the inner margin. 
Marginal black band broad, excavate before the hind angle. Fringes bluish. Ex¬ 
panse, 55 to 60 mm. 

Habitat .— Oregon. 

Allied to C. fausflua and C. alhisa. It may be kiiow'n by the bluish fore 
wings. 


Gatocala ophelia J///. Edwards. 


This species was made a synonym of Catocala verrilVmm. 1, however, 
consider it to be a valid species. The fore wings are broader than verriU 
liana and lack the black shades. The transverse anterior line is rather 
strongly curved in ophelia and not even as in verrilliana. The outward 
bend of the transverse posterior line on the inner margin is longer and the 
hind wings arc deeper red with tlie marginal band much broader than in 
verrilliana. 
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Oatocala Ophelia var. dollii var. nov. 

Male. — Head and thorax dark gray and considerably darker than in C. ophelia. 
Fore wings heavily overlaid with black scales, making the lines and spots less distinct 
than in C. ophelia. Subreniform pale, scaled with brown. Transverse lines the 
same as C. ophelia. 

Habitat. — Colorado. 

A single specimen of this odd variety is in the collection of Mr. Jacob 
Doll. 

Oatocala ultronia var. lucinda var. nov. 

Male and Female. — Head and thorax brown. Fore wings pale ash or greenish 
gray; a broad longitudinal, rich brown shade covers the lower third of the wings to 
the inner margin. This dark shade runs from the base below the basal dash to the 
transverse anterior line or it extends to the subterminal line. The subterminal line 
is very vague or wanting. Otherwise the same as C. ultronia. 

Habitat. — Same as C. ultronia. 

Described from five males and four females. Tliis variety is generally 
labeled C. ultronia in collections. It may be easily recognizc^d by tlie ashen 
gray or greenish gray fore wings with the lower part along the inner margin 
deep brown. 

Oatocala miranda Hi/. Edwards. 

Oatocala miranda Hy. Edwauds, Pap,, Vol. I, 1881, p. 118; BkctenmOller, 
Bull. Am. Mus. Nat. Hist., Vol. TV. 1892, p. 192. 

Catahapia judith var. miranda Hulst, Bull. Bk. ICnt. Soc., Vol. VII, 1884, p. 52. 

Oatocala judith var. miranda Smith, Bull. 44, U. S. Nat. Mus., 1898, p. 351; Pack¬ 
ard, Fifth Rep. U. S. Thit. Cora., 1890, p, 303; French, Can. Ent., Vol. XXXII, 
1900, p, 191. 

Very closely allied to C. jvdifliy but it is smaller with the lower inflection 
of the transverse posterior line longer and the outward bend to the inner 
margin very oblique. In C. judith this bend is slightly oblique. The 
fringes of the hind wings in miranda are Avhite and not brown as in judith. 
The under sides of all the wings in miranda are wholly smoky brown with 
traces of a darker transverse bend on each wing. In judith the under side 
of the fore wdngs are white at the base, with a white discal patch and narrow 
whitish transverse band beyond the middle. The hind wings are clear 
white from the base to the broad, black median band^ beyond which it is 
very narrowly whitish. Marginal black band very broad. The types of 
C. miranda and C. judith are in the collection of the American Museum. 

C. miranda was made a variety of C. judith by the late George D. Hulst 
and in which he is followed by subsequent writers. The type of C. miranda 
is a single male from Washington, D. C. Two examples agreeing with 
the t 3 q)e are also in the collection of the American Entomological Society. 



INDEX TO VOLUME XXIII. 


No'w names of genera, species and subspecies ore printed in lieavy-faced type; also the 
main references in a series of references. 


Aca-CIA groggi, 7411. 

AcanthiH, 35(>, 357, 3S2. 
carduelis, 35(). 
flamniea, 35l). 
linaria, 350. 
spiuus, 350. 

Acaiithognathus, 704, 795. 

Acanthoniyrmev, 77. 

Acani hopruMist e, 377. 

Afanthastirhus, 78. 

Accipiter, 329, 331. 
avcipiler, 329. 

Acer rnyslicuH, 131. 

Acrrupops pratciisis, 019. 

Acraspis maerocarpjc, 4()0. 

Acnnlula, 370. 

Acrkla nasuta, 413. 

Acridopcza reticulata, 455. 

Acrc»hasis caryivor<4la, 154. 
koarfottclla, 151. 

AcroccphaluH, 378. 

Acticoii (OUgopiycha) concinmis, 827. 

Actineda agilis, 021. 

Actiiiella ficaj)()sa, 707. 

Actilis, 317, 320, 382. 

Actochclidou, 295. 

Actodroinas, 317. 

AdocMiw, 835. 

liiicolatus, 842. 

^^cliniophorus, 287. 
clarkii, 287. 
oecidontalis, 287. 

.^tlon luscinia, 372. 

iEgialitirt, 321. 

c.autianuH, 321. 
hiaticula, 321. 
minor, 321. 

AEgiothus, 350, 382. 

.^githaluw flaviceps, 377. 

jEgolius, 334. 

.^gypius, 331, 332. 


^Murocyon, 179. 

Aillurodon, 181. 

ACrornyrnia, 795. 

; Acronautes, 344. 

I Jisalon, 332. 

I .^Isciilus octandra, 707. 
i ..Estrelata, 297, 298. 
dcsolata, 298. 
diaholica, 298. 
j hasitala, 298. 

' incx|x*ctata, 298. 

* lossoni, 298, 

I leuencophala, 298. 

; .mUia, 292, 30(). 

I /Ethya, 292. 

I AgabuH slrigulosuR, 018. 

' Agaricus. 777, 782. 

rajap, 778, 785. 

Agave lechugilla, 740. 

Ag<*laiuK, 353. 

, Agglomerate^ in Western Sierra Madre, 
1 418,425. 

Agonostomus monticola, 99, 109, 110. 
' Agriocha'rus antiquus, 822. 
j maxiinus, 822. 

miuiinus, 822. 

, Agrodoma, 359, 372. 

Agyrtria, 347. 

Aimophila, 301. 
rufescens, 301. 
siiperciliosa, 301. 

Akdopluis tamulus, 448. 

Aix, 303, 305, 30G. 
falcaria, 305. 
falcata, 305. 
galericiilata, 305, 382. 
sponsa, 305, 382, 

Ajaia, 310. 

Alauda, 359. 

alpcstris, 350. 
arborea, 359. 
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Alauda arvensis, 350. 

campestris, 350, 372. 
clirysolii'ina, 3150. 

CTistata, 350. 
inagna, 350, 351. 
prateiisis, 350, 372. 

Bpiiioletta, 350, 372. 
irivialis, 350, 372. 

Alca, 203. 
alle, 203. 

antiqua, 202, 20.3, 
ardica, 20], 2‘>3. 
cirrhata, 201. 
cristatolla, 202. 
fjrylO', 203 
impounis, 203 
lomvia, 203. 
nioiiorerala, 201 
pmttac'ula, 2‘.>2. 
l)yj5THira, 202. 
tetraciila, 292. 
torda, 203. 

Alcodo, 340, 341. 
jdnyon, 340. 
amazona, 342. 
dea, 311 
crithaca, 340. 
iBpida, 310. 
rudis, 341. 
smyrnensis, 341. 
todus, 311. 
torquata, 341. 

Alcella, 381. 

Aleorhfira, 741. 

Alctia xylina, 10. 

Alle, 293. 

Allen, J. A., on types of North Ameri¬ 
can ^^enera of hirtls, 270-384, on 
the Boeolopfhus bicolor (ifricrisfatu.s 
group, 407-481. 

Allodape, 75. 

Alnus, 128. 

kefersleinii, 128. 

Amazilia, 340. 

Amazona, 330, 341. 

Amazonia, 311. 

Amelanchier Hciidderi, 12S. 

Amizilis, 340, 304. 

AmmodramuH, 358, 359, 304, 383. 


! Ammodrainus himaculatus, 358. 
! Ammophila liirsuta, 52. 
i Arnpelis, 307, 308. 

' carnifex, 307. 

cayana, 307. 
j cotinga, 307. 

garrulus, 307. 
maynana, 307. 
poinpadora, 307. 

' tersa, 307. 

Amphictis, 178. 

I Ampliieyon, 170, 181, 247. 

j Amphispiza, 301. 

' b(41i, 301. 

I hilineata, 301. 

.Vinplutragalus, 178. 

Arnjdiotis, 20. 

Anas, .302, 301. 

acuta, 303. 305. 
adunea, 303. 
alla‘ola, 302, 307. 
anser, 302. 300. 
arl)L)r(‘a, 303 
aiitumnaliH, 303 
hahamensis, 302. 
l>ernu‘la, 302, .310. 
hosclias, 303. 
huet'pliala, 303. 
ca'riilesc('ns, 302. 
canrnlenHiH, 302 
canagica, 310. 
cirri a, .303, .305. 
clangJila, 303, 307. 
c'lyj)eaia, 303, 305. 
creeca, 303, 304. 
cygnoides, 302. 
cygnuK, 302, 304, 310. 
doinostica, 303. 

(ioinesticuK, 300. 
dominica, 308. 
orythropus, 302. 
fcrina, 303, 300. 
fiiligula, 303, 300, 307. 
fuHca, 302, 308. 
galcriculata, 303, 300. 
glacialis, 307. 
glaucion, 303. 
histrionica, 303, 307. 
hyem^lis, 303, 307. 
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Anas hyperboreus, 309. 
jainaicensis, 309. 
labratioria, 307. 
marila, 30(3. 
minuta, 303. 
rnollissima, 302, 308. 
nioschata, 302. j 

nigra, 302, 308. j 

nyroca, 30(3. 

olor, 310. I 

ponelopr, 303, 301. i 

porspicillata, 303, 308. ; 

platyrbynchos, 303 : 

(pitTcpKMiula, 303, 30-1 ; 

rossii, 309. i 

nibida, 30H, 309. j 

rnfina, 30(). ! 

riistira, 303. ! 

rutila, dOn. ' 

spt'ctabiliK, 302. 308. 
sponsa, 303, OOi"). 30(5. : 

stollcri, 308. " 

s(n*j)(»ra, 303. 304. 
tn<i()rna, 302. 
vallistHTia, 300. 

Ana.spus nifa, 019 
Anchippiis Ijrcv’iilciis, S73. 

tfxaruis, 872. 

Anclii(lu‘riina‘, 807, 871. 

Anchitlicriuin, 172, 178, 807. 
oquinuin. 875 
iiltjiiiuiu. 871. 

(nypolu])pu.s) afliiiis, 872. 
(Parahippus) cogn.al ii.s, 872. 
Anchura (l)r(*j»aii(>cliilus) anuTicana, 
820, 827. 

Ancylih piilciit*llana, 159. 

Ancyloclu'ilus, 317. 318. j 

Andesite in We.sterii Sierra Madn*, ! 

411, 412, 414 410, 418, 122 425, 
428-430, 432, 435, 437, 439 442. j 

Andricus coronus, 404. 1 

eo\ii, 405. i 

davisi, 403. ■ 

wheeleri, 404. j 

Androstephiuin violaeemn, 707. 
Anergatos, 54. 70, 78, 79. 

Alibi rna, 341. 

Anhinga anhiiiga, 3(K). 

Anoebetus, 55. 


Anonima, 093. 

Anorthura, 375. 

Anota mod<‘sta, 550-552. 

Anous, 290. 

fuseatus, 290. 
iiiger, 29(). 
pbinibea, 290. 
spadieea, 290. 

Anser, 302, 309 

domeslicus, 309. 

Antlieropbagus pallidivestis, 018. 

Aidliopbora teruginosa, 227. 
elegans, 221, 227. 
fnlvata, 221. 
pulchra. 227. 
vigilans, 221. 227. 

Wallace!, 221, 226. 
zonal a, 227. 

Antbropoides, 312. 

Ant bus, 351), 372 
arpiaticMis, 372. 
arbori'us, 372 
eam})(‘slris, 372 
pratensi's. 372. 

AntigoiK*, 312. 

Antispda major, 100 

Antrostonius, 343 

caroliiaaisis, 343. 
voeiferus, 343 

.\nts. polyinorplasin in, 1-93. 

.Apbeloeonia, 351. 382. 
ealiforniea. 351. 
lioridaiia, 351. 
sielieri, 351. 
nltrainarina, 351. 

Apbelops, 170. 178 

AplKenogastc'r, 70, 071, 79(). 
tenne.sse(*nsi.s, 78, 79. 
t real a', 701. 

Aphodiiis fiinetariiis, (il9. 
bainatus, 019. 

Apbriza townsendi, 322. 

Apis dorsata, 221, 229. 
gronoyii, 221. 
indiea, 221, 229. 
inellifipa-faseiut a. 80. 

Aporrbais biangnlata, 820 

Apterostigma, 071, 084 , 080, 087, 691, 
729, 794, 790, 798. 
collan', 071, 
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Apterostigiiia mayri, 671, 6S8, 689. 

671, 683, 686. 
pilosiiiii, ()71, 683, 686. 
robust uin, (>71. 
scut (‘Hare, 671. 
urichi, 671, 688, 689. 
wasinanni, 671, 683, 686. 

Aquila, 330, 331. 
aquila, 330. 

Ara, 336. 

Aramus, 314. 

Aratiufja, 336-338. 
cyanogularis, 337. 

Arbutus xalapcnsis var. texana, 767 

Arccuthoriiis, 378. 

Archscoliippus, 175, 868. 
ultimus, 876, 902. 

Arcliibuteo, 330. 
alticops, 330. 
planiccps, 330. 

Archips rilcyana, 161. 

Arctonctta, 308. 

Arctoryotos tcrrenus, 172. 

Ardea, 312 

aHjiunoctialis, 312. 
alba, 312. 
arncricanus, 312. 
antipmo, 312. 
bul)ulcus, 312. 
caerulca, 312, 313. 
canadensis. 312. 
ciconia, 312. 
cinorca, 312. 
ej!:retta, 312. 

garzetta, 313. ' 

grus, 312. 

berodias, 312. 

ibis, 312. 

jav'anica, 313. 

ludoviciana, 313. ' 

minuta, 312. i 

nigra, 312. i 

nycticorax, 312, 313. j 

pavonina, 312. i 

rosea, 310. I 

rufa, 312, 313. j 

BColopacea, 314. j 

stellaris, 311, 312. | 

striata, 312. j 


Ardea violarea, 312, 313. 
virescons, 312. 
virgo, 312. 

Ardeola, 311. 

Ardelta, 312. 

Arcnaria, 317, 322. 
arcnnria, 322. 

Argemone alba, 761. 
moxicana, 670. 

Argentitc in Western Sierra Madre, 
426. 

Aristonetta, 306. 

Arizona olegans, 580. 

Aros (’afH)n, geological sections in, 
416, 422; river and canon, de¬ 
scription of, 414-423. 

Anpiatella, 317. 

Arreinonops. 362. 

Asarcia, 315, 322. 

Asclepias tuberosa, 761. 

Asio, 333. 334. 
asio, 333. 

Asj)hondylia autumnaUs, 386. 
conspicua, 387. 
globulus, 387. 
patens, 386. 

Aspideretes. 847. 
beecheri, 812. 
singularis, 853 859. 

(Trionyx) foveatus, 842. 

Astacus, 461. 

Astragalinus, 357. 

columbianus, 357. 
inexicanus, 357. 
psaltria, 357. 
tristis, 357. 

Astur, 329, 331. 

Asturia cinerea, 330. 

Asturina, 330. 

Astyanax, 301. 

• spiicus, 97, 99, 102. 

Asyndesmus, 343. 

Atemeles, 28, 29, 33, 36, 39, 40. 
cavus, 35. 
cmarginatus, 31. 
paradoxus, 31. 
pubicollis, 31. 
n^flexus, 42. 

Athene whitneyi, 335. 
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Atheta, 741. 

Atopomyrrnex, 795. 

Atractornorpha australiB, 449. 

Atta, 77, 87, 669, 68-4, 685, (>96-699, 
717, 718, 767, 777, 782, 793, 
794, 796. 

(Acroinyrmox) 670, (>71, ()S(), G!)0, 
692, 741, 750, 798. 
(Acroinynuex'> ambijjjua, 670. 
(Acroinyriiiox) a.spt‘rsu, 1)70. 
(A(Touiyrmo\') aspcrsa var. ruj^osa 
670. I 

(Acroniyriiiox) bolivicnsis, 670. | 

(Acromynnox) coroiiata, 670, 683. 
(A(ToniyrniP\) iliscij^era, 670, 683, 
734. 738, 785. 

(Aoroniyrnicx) emilii, (i70. 
(AcroiriyriiK'x) ilicrin^i, 670. 
(Acroinyrtnex) lalicc'jis, (i70. 
(AcToniyriucx) lobicorni-s, 670. 
(Acn)iiiynnex) lobicornis var. fer- 
rujriiKxi, ()70. 

(Acroinyrnicx) luiidi, 670, 688, 
742, 796. 

(Acroiiiyrnu'x) iiiosonotalis, (>70. 
(Acromyrinox) iiKrll(*ri. 670, 683 
(Avroiiiynnox) m(i‘ll(*ri var. im*i- 
nerti, 670. 

(AoromyriiK'x) iiui‘llvri \ar. pan- 
arnonsis, 670. I 

(Acromyrinox) nui4lcri subsp. ! 
ino<U*.sta, 670 

(Aoroniyrnicx) narllcri siib^p, 
modest a var. andioola, (>70. , 

(Aoroniyrnicx) muticinoda, 670. 
(Aoromyrincx) muticinoda var. 

Iionialops, (>70. | 

(Aoromyrnu'x) niper, 688. 
(xVoroniynncx) nij'ra, (’>70. 
(Aorotnyiincx) ootosjiinosa, 670. 
(Aoromyrincx) octospinosa var. 
eohinatior, (>70. 

(Acromynnex) octo.spinosus, 683, 
688, (>91-693. 

(Acromynnex) pubescens, 670. j 
(Acromyrmex) piibesccns subap. ; 

Viouaricrisis, 670. , 

(Acromyrinox) pubescens .subsp. | 
decolor, 670. I 


Atta (Acromyrmex) subterranea, 670. 
(Atta) 669, 671, 672, 798. 

(Atta) cephalotes, 274, 669-675, 
677, 681, (i82, 688, 691-(>93, 
703, 738. 

(Atta) ceplialot(*s var. intcjj;rior, 
669. 

(Atta) cephalotes var. lutca, 669. 
(Atta) copluilotes var. opaca, 669. 
(Atta) cepliaiotes var. tiolita, (>(>9. 
(Atta) columbica, (>(>9, 702. 

(Atta) fervens, 669, (>96, 694. 
(Atta) insiilaris, 669, 674, (>94. 
(Atta) Iffvipita, 669, (>91-(>93. 
(Atta) mexicana, 702, 703, 711. 
(Atta) sexdcns, 6()9, 674, 681, 687, 
688, 691, t)9(>-t‘>99, 702, 732, 
733, 741. 

(Atta) sexdcns sulisp. volleri- 
weidi'ri, 669. 

(Atta) texana, 669, 672, 674, 676, 
679, 7(K), 729- 732, 734-736, 
738-741, 745, 785. 

(Madlcrius) 669, 671, 750, 798. 
(Madlerius) balzaiii, 670 
(Ma'llcrius) heyeri, 669. 
(Mmllerius) landolli, (>70, (iSl. 
(M(ellcriu.s) silvestrii, 670. 
(Mcrllerius) striata, (>69. 
(Mcpllerius) sti'iatiis. 687, 688. 
(M(x41erius versicolor, 670, 703, 
705, 743- 746. 

(Madlerius) versicolor subsp. chis- 
osenBis, 670, 706, 70(;, 74(). 
(MycetoBoritiB), 670, (’>71, 714, 

717, 741, 7(‘>5, 798. 
(Mycetosoritis) aspera, 670, 717. 
(Myeeto.sorilis) hartmanni, 670, 

708, 714, 717, 7()1 *761, 767, 
797. 

(Myeocepunis), 670, (>71, 691, 

718, 796, 798. 

(Myeocepunis) j^olilii, 671), 718. 
(Mycoeepurus) sinithi, 670, 717, 
718, 773, 798. 

(Myeocepunis) srnithi var. bori- 
quenensiB, 670, 718, 773, 774. 
(Myeocepunis) sinithi var. tolteca, 
670, 718. 
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Atta (Trachymyrmex), 670, 671,'691, 
715-717, 741, 750, 764, 765, 

767, 785, 796, 798. 
(Trachymyrmex) arizonensis, 670, 

710. 

(Trachymyrmex) farinosa, 670. 
(Trachymyrmex) jamaici'nsia, f»70, 
694, 712, 759-760. 
(Trachymyrmex) pruinosa, 670. 
(Tracliymyrmex) saussurei, 274, 
670. 

(Trachymyrmex) HcptentrionaliH, 
670, 680, 691, 698, 694, 706, 
708, 710, 712, 746-749, 758, 
755-761. I 

(Trachymynn(‘\) s('pt(‘nt rionalis ! 
var. obscurior, 670, 709, 746, , 

717, 751, 752. j 

(Trachymyrmex) squanmlifera, ; 

670 I 

(Trachymyrmex) lanli^rada, 691, 

708. 

(TracliymyriiK'x) 670, 

709, 710, 712, 758-759, 761- 

768, 771, 797. ! 

(Trachymyrmex) iirichi, 670, 688, 

689. 

(TracliymyrriK'x) uriehi sul).sp. 
fusca, 670 
Attaphila, 7*11. , 

bergi, 742. 
fuiigicola, 7*41. 

Atthis, 815, 846. 
anna*, 846. 
costa', 846. 

heloisa, 846. i 

Attii, 68. I 

Attini genuini, 794. ! 

Aublysodon, 842. ' 

Aulanax, 849. i 

Auriparus, 877, j 

Awaoius, 112. I 

taiasica, 99, 112. j 

Aythya, 806. I 

Azelota diverdpes, 450. 

Azteca, 84, 56, 77. 
foreli, 276, 
instabilis, 18, 275. 
schirnperi, 276. , 


Baculites ovatus, 826, 827. 

Bceolophus, 876. 

atricristatus, 468-472, 474-479. 
atricristatus sennc'tti, 469, 477, 
479. 

atricristatus texensis, 469. 
bicolor, 4()8-478, 476-478. 

Baloarica, 812. 

Bart;ramia, 820. 
laticauda, 820. 

Basalt in Western Sic'ira Madre, 410, 
411, 415, 416, 418, 422, 428, 425, 
427-429, 440-442. 

Bascanion flagellum, 577. 

flagellum fn'natum, 575 576. 
])iceum, 574-575. 

Ba.silemys simiosa, 842. 

Basileuterus vermivorus, 872. 

Biusilitma, 847. 
all)icolli8. 847. 
albu.s, 817. 
leueogaster, 847. 
h'ucotis, 847 
mellivorus, 8-17. 
tephroeephalus, 847. 

Bathyg(‘ny.s alpha, 822. 

Bathyopsis, 242 

Belonesox, 10(i. 

belizamus, 97, 99, 106. 

B(*nibex, 75. 

Ih'titbidium bifossulalum, <>17. 
bimaculatum, 617. 
fuseierum, 617. 
luciilum, <)17. 

Berbeiis trifoliata, 767. 

Berosus iiifuscatiis, 618. 

Beutemm’iller, Wni., on nc'w forms of 
Cafovala, 145-151, 985 -940; on 
nc‘W spt'cies of gall-producing 
(Vcidomyiida', 885-400; on a few 
North American (Y*dpida‘, 468- 
466: on North American species 
of Rhfuiites and their galls, 629- 
651. 

Binghamiella antipodes, 285. 

Blapstinus, 619. 

Blastomeryx, 178, 176, 178, 219. 
advena, 178, 219. 

Bolosaurida?, 658. 



INDEX, 


947 


Bolosaurus Rtriatus, ()53-(j58. 

Bonasa, 323, 382. 

Boschas, 303, 304. 

Botaunis, 311, 312. 
brasilienRis, 311. 
flavus, 311. 
lentiginosus, 311. 
som'galenshs, 311. 
stellaris, 311. 
undulatus, 311. 
virescens, 311. 

Brachymyrmex, 78. 

Brachyrainphus, 203. 
hraehyptora, 203. 
kittlitzii, 203. 
marnioratUK, 203 
wrangeli, 203 

Branta, 302, 300. 
aibifrons, 310. 

IxTiiida, 310. 
moHfhata, 310. 
torrida, 310. 

Brayodoiidroii texamim, 707. 

BrewHtoria, 330. 

Brotogcris, 338. 

Brown, Barnuin, on the Hdl C're<‘k 
Beds of the Tpper (Vetaeoous of 
Montana, 823-845. 

Bnichus fratereulus, 019. 

Bryeon, 102. 

dentex, 00, 102. 

Bubo, 333, 334. 
asio, 334. 
bubo, 334. 
otus, 334. 
seandiaea, 334. 
seopK, 334. 

Bubuloiis, 312. 

Bueephala, 302. 

Buclianga ererul('se<nis, 308. 

Budytes, 372. 

Bufo alvariuB, 505. 
aniericanus, 508. 
cognatus, 504. 

lentiginosus woodliousii, 507. 
punetatus, 507. 

Bulinus, 837. 

rhomboideus, 840. 

Bulweria, 208. 


Bumelia lycioides, 670, 769. 
Buphagus, 341. 

Buprestis consularis, 618. 

Buteo, 329, 331. 

albicaudatus, 330. 
brachyurus, 330. 

Buteola, 330. 

Butorides, 311-313. 

CJaccahw, 324. 

(’acicuK, 370. 

(’axlieia olivacea, 457. 

Ctenotherium, 178. 

Cairina, 302. 

(‘alarnospiza, 365. 

rnelanocorys, 3(>5. 

Calcarius, 358. 

(^didris, 317, 318. 

('allipepla, 322. 

stnniLia, 323. 

( allirhytes tuberosa, 466. 
(’aliichclidon, 307. 

Cailisaiirus ventralis. 518-522. 
('alloralia, 300. 
t'allocitta, 351. 

('allothrus, 353. 

Caloenas, 325. 

('alolainpra gracilis, 443. 

(’alothorax, 340, 347. 
calliope, 340. 

(’alycites polycophalus, 830. 

(’alypte, 345, 340. 
anna\ 345. 
costa', .345. 
heleru!', 345. 

('alyptomynnex, 794. 

(’aniassia fraseri, 707. 

(Uirnpelonia niultolineata, 837. 
product a, 840. 
vetula, 840. 

(’aiiipephilus, 342. 

Cainponotus, 3, 27, .34, 49, 50, 71, 77. 

87. 

abdominalis, 78. 
abdoniinalis stcrcorarius, 270. 
abdominalis \istulatus, 270. 
americanus, 88. 
auricomus, 42, 
claviscapus, 277. 
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Camponotus confusus, 78. 
femigineus, 10. 
formica*forniis, 270. 
hcrculaiieiis ponnsylvanicuH, 36. 
igncus, 43. 
litjvigatus, 42. 

ligniperdus var. novgpboracensis, 
10, 30, 39. 
lindigi, 277. 

inaccooki var. sansal)eanus, 45. 
maculatus vicinus var. nitidi- 
vt'iitris, 43. 
marginatus, 42. 
planatus, 270. 
quadriceps, 08. 
reciangularis, 277. 
senex, 43, 84. 
sericeiventris, 277. 

Camptolairniis, 307. 

Oanacc, 323, 324. 

Canachitcs, 323. 

Canis azane, 1<S0. 

cancrivorus, 180. 
raagellanicus, 180. 
parvidens, 180. 
urostielius, 180. 
zerda, 180, 

Cantlion imaticola, 010. 

simplex, 010. 

Canutufl, 317. 

Capriniulgus, 344 
albicollis, 344. 
carolinensis, 343. 
nuttalli, 343. 
virginianus, 344. 

Carbo j;)eiiicillatiis, 300. 

Carcinops iiiultistriata, 741. 

Cardinaiis, 302. 

phoeniccus, 302. 
sinuatus, 302. 
virginianus, 302. 

Oardellina, 371. 

amicta, 371. 

Cardiocondyla, 54. 

Cardium (Loptocardia) sulKpiadraUim, 
826. 

(Prol ocardium) s bquiidratum, 
827. 

Carduelis, 356, 357. 


I Carduelis carduelis, 357. 

; Carebara, 78, 79, 795. 

Carpinus fraterna, 128. 

Carpites, 843. 

Carpodacus, 355. 
erythriiia, 355. 
roseus, 355. 

Casarca, 305. 

Case, E. C., on the skull of Bolosaurm 
fitriatus Cope, 053-058; on the 
Wichita and Clear Fork divisions 
of the Permian Red lieds of Texas, 
050-004; on the genus Zatrachys 
(V)pe, (>65-008. 

Cassiopella turrieula, 840. 

Castaneira descripta, (>20. 

Castilleia, 707. 

Castor, 175. 

Cataulacus, 704, 705. 

Catliaracta skua, 204. 

Catharista, 328. 
aura, 328. 
uriibu, 328. 

Cathartes, 327, 328. 382. 
i Cat herpes, 373, 374. 

I Catooala, 145, 935-940. 

I allusa, 147. 

! amatrix, 148. 

; amatrix var. selecta, 140. 

arnica, 145. 

arnica var. androphila, 140. 
angusi, 150. 
ungusi var. edna, 150. 
angusi var. lucetta, 151. 
briseis var. albida, 03(). 
csBnilea, 030. 

Cordelia, 140. 

deliiah var. ealphurnia, 149. 
diantha, 037. 
eldoradensis, 148. 
euphemia, 038. 
faustina var. lydia, 039. 
groteana, 936. 
ilia, 149. 

ilia var. conspicua, 150. 
jair, 145. 

Judith, 151. 
miranda, 940. 

nevadexuis, 935. 
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Catooala nevadcnsis var. montana, 935. 
nubilis, 150. 

nubilis var. fasdata, 150. 
nurus, 149. 

Ophelia, 939. 

Ophelia var. doUii, 940. 

parta var. petulaiis, 149. 

pura, 148. 

staudin^jjeri, 161. 

ultronia, 147. 

ultronia var. Ittcinda, 940. 

unijuga var. agatha, 930. 

unijiiga var. aemirelicta, 937. 

violenta, 147. 

volumiiia, 938. 

whitneyi, 140. 

Catoptrophorufi, 319. 

Cecidomyia chinquapin, 389. 
eupatoriflorsB. 391. 
impatient is, 392. 
meibomuB, 390. 
nysssBcola, 387. 
persieoides, 393. 
pudibunda, 389. 
puBtuloides, 390. 
raoemicola, 393. 
ramuscula, 392. 
nidbeckiBB, 388. 
semenivora, 390. 
ulmii, 387. 
umbellicola, 393. 
unguicula, 388. 
vaecinii, 392. 
verbcBinee, 391. 
veraonuB, 389. 

Celastrus fra.\inifoliu.s, 131. 

Celt is helleri, 707. 

missippicnsis, 772. 
occitlenlalis, G7(). 
pallida, 707. 
reticulata, 707. 

Centrocercus, 324. 

Centronyx, 359. 

Centropomus, 122. 

mexicaniis,‘99, 122. 

Centunis, 343. 

brachypterus, 343. 
carolinensis, 343. 

Ceophloeus, 342, 381. 


Cephalogale, 178, 181. 
Cephalosporium, 784. 

(’epphus, 289, 293. 

lacteolus, 293. 

('eratobasis, 794, 795. 

('erchneis, 331, 333. 

Cerorhinca, 291. 

occidentalis, 291. 

(Vratostoinella, 792, 793, 

('erthia, 375. 

ca^riilea, 375. 
cruentata, 375. 
fainiliaris, 375. 
flaveala, 375. 
palustris, 374, 375. 
pusilla, 375. 

Certhiola, 375. 

flaveola, 308. 

Cervus, 252. 

Ceryle, 340, 341. 
aleyon, 340. 
amazonii, 340. 
amcricana, 340. 
bicolor, 340. 
inda, 340. 
ru<iis, 340. 

('ha*mcpelia, 327. 

Cha?tociiema, 619. 

(diaptura, 344, 360. 
acuta, 344. 
australis, 344. 
caudacuta, 344. 
oollaris, 344. 
fusca, 344. 
martinicana, 344. 
pacifica, 344. 
pclagica, 344. 
pclasgia, 344. 
zonari.s, 344. 

(4mlci^iica^ 2. 

Chalcis praBVolans, 012. 

('halcophaps, 325. 

Chalcophora angulicollis, 618. 
Chalcopyrite in We.storn Sierra Madre, 
422. 

Chidcura bedeli, 16. 

Chalicomys, 175, 178. 

(3ialybion mortuum, 615. 

(3iamfea, 377. 



950 


INDEX. 


Chamsepelia inca, 325, 327. 

Chamsethlypis, 371. 

Champsomyrmex, 56, 78. 

Champsosaurus ambulator, ™ 835. 
laramiensis, 835, 842, 

Charadrius, 321. 
spgyptius, 321. 
alexandrinuR, 321. 
apricarius, 321. 
calidris, 318. 
cristatus, 321. 
hiaticula, 321. 
himantopus, 316, 321. 
montanus, 321. 
morinelliis, 320, 321. 
oedicnemus, 321. 
pluvialis, 321. 
spinosiis, 321. 
vancllus, 321. 
vocifmis, 321. 
wilsonius, 321. 

Charitonetta, 302, 307. 

ChaulelasmuR, 303, 304. 

Chelidon, 366. 

Chemnitzia corithiforruis, 827. 

Chilopsis salij!:na, 743. 

Cheliomyrmex uort oni, 271. 

Chen, 302, 309. 

Chlainythoriuni huinboldti, 848. 

Clilorocerylc, 340, 341. 
arnazona, 341. 
araericana, 341. 
bioolor, 341. 
inda, 341. 
superciliosa, 341. 

Chondestes, 359 

gramacus Rtrijjiatus, 359. 
strij^atus, 359. 

Chordeik'R, 344. 

virginianuR, 344 

Chortoicctes affinis, 445. 
pusillulus, 447. 
yorketowneiisis, 445. 

Chroicocephalus, 294. 

Chryotis, 339. 

Chrysis rohweri, 616. 

Cicoronia, 292. 

CMchlasoma, 98, 112. 
acutum, 99, 117. 


Cichlasoma globofum, 98, 99, 114. 
gimtheri, 100. 
hedricki, 99, 114. 
manana, 99, 115. 
nebuliferum, 98, 99, 118. 
spilurum, 96, 99, 113. 

Ciconia, 312. 

CincluB, 353, 372. 

Cinulia (Oligoptycha) roncinna, 827. 

Circe, 346, 347. 

Circus, 329, 331. 

Cistothorus, 375. 
stellaris, 375. 

Citrinolla, 357. 

Clangula, 303, 307. 
glacialis, 307. 

Claosaurus annectcns, 843. 

Claviger, 29. 

Cleonus grand! rostris, 620. 

(lepsydropidjr, 653. 

(lepsydrops, 653. 

Clupeilanis, 294. 

Cncmidophorus gularis, 556-560. 
mc4ano8tet bus, 560- 569. 
sexlineatus, 557, 559, 570-573. 

Coccinella transversoguttata, 618. 

Coccuhis Carolina, 676. 
haydenianus, 836. 

(^occystcfi, 339. 

Coccyzus, 339, 340. 

Cochlcarius, 341. 

(k)ckeroll, T. 1>. A., on localities in the 
Florissant Hasin, 127-132; on 
fossil dragonflies from Florissant, 
Colorado, 133-139; on a collection 
of Australian and Asiatic bees, 
221-23(i; on some fossil Artlirf)- 
pods from Florissant, Colorado, 
605-616; on some Coleoptcra and 
Araehnida from Florissant, 617- 
621. 

Cceligena, 345. 

clemenciip, 345. 
ca?ligena, 345. 
rivoU, 345. 

f^ajrt‘ba, 368, 376. 

Colaptcs, 340, 343, 467, 475. 
mexicanus, 343. 

Coloonyx brevis, 552-555. 
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Coleonyx variegatus, 552-555. 

Coleus, 352. 

Colinus, 322, 324. 

Collybia, 784. 

Colobopsis, 74, 77. 

Columba, 325, 32(). 
asiatica, 325. 
carolinensis, 32r). 
cristata, 327. 
cucullata, 325. 
cyanocephala, 325, 327- 
giiinea, 325. 
gutturosa, 325. 
liispanica, 325. 
hispida, 325. > 

indica, 325. 
latioaiida, 325. 
leucoceplialn, 325. 
hnicoptera, 325, 32(>. 
livia, 325. 
inarroura, 325. 
ineloda, 320. 
migratoria, 32(». 
inoiitana, 325, 327. 
nirobarica, 325. 
ti‘nas, 325. 

(rnas doincstioa, 325. 
palunibus, 325. 

])a8serina, 325, 327. 
ri.soria, 325. 
sinica, 325. 
speciosa, 320. 
squamosa, 327. 
striata, 325. 
tabellaria. 325. 
tromula, 325. 
turbita, 325. 
turtur, 325. 
versicolor, 327. 
zcnaida, 320. 

Columbigallina, 325, 327. 

Colydiiun lincola, 791. 

Colymbetes sculptilis, 018. 

Colynibu.H, 287-200. 
arcti<HiH, 288. 
auritus, 288, 280. 
colymbus, 288. 
cristatus, 288. 
duminicus. 288. 


Colymbus fluviatilis, 288, 289. 
imber, 290. 
marmoratus, 293. 
nigricollis, 288. 
potiiceps, 288. 
ruficollis, 288, 289. 
troilc, 293. 

Compseinys obscura, 842. 
victa, 842. 

('ompsohalieus, 300. 

Compsot lily pis, 370, 370. 
amcricana, 370. 
mexicana, 370. 
pitiayuma, 370. 

Comptonia insignis, 131. 

Conchochclys admirabilis, 847. 

Conglomerate in Western Sierra Madre,. 
414, 423, 425, 427, 429, 430, 432, 
434, 435, 437, 438, 442. 

Conoctqihalus longiccp.s, 457. 

Contopus, 349. 

Conuropsis, .335, 330. 

Conurus, 335-338. 
vittatus, 338. 
xanthogenius, 338. 

Chopper in Western Sierra Mad re, 432. 

(’’ojisichus, 378. 

Coracias bengalensis, 352. 
galbula, 354. 

(’orbicula .subelliptica. 837. 

Corixa, 129. 

florissantella, 128. 

('ornus, 824. 

Corone, 352. 

Corthylus, 780, 788, 789. 
columbiaiius, 787. 

(\>rvus, 3,52. 

b(‘nghalensis, 3,52. 
canadc*nsis, 3,52. 
caryocatactes, il52. 
columbianus, 3,52. 
corax, 3,52. 
cornix, 352. 
corone, 352. 
cristatus. 3,50, 3,52. 
frugilegu.s, 352. 
glaridarius, 352. 
infaustus, 352. 
mexicaiius, 355. 
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Corv’^us monedula, 352, 
paradisi, 352. 
periianus, 352. 
pica, 350, 352. 
yncas, 352. 

Corylus macquarrii, 830. 

Coryphodoii, 241, 242. 

Cosciiioptera vittigera, 610. 

Cosory.x, 800. 

Cotinga, 367. 

Cotinus fratcrna, 131. 

Coiiirnicops, 314. 

Coturniculiis, 350, 364, 305, 383. 
henslowii, 350. 
passeriua, 350. 

savannaruni biinaculaius, 358. 

Coturuix, 324. 

Covillcea tridentata, 713. 

Crateropus, 378. 

Creagrus, 295 
fuacatus, 295, 

Crcciscus, 314. 

Cremastogjistcr, 13, 26, 55, 78. 
brevispinoaa, 272. 
minutiaainia, 23. 

^ictima niisaourienais, 23. 

Crenella elegantula, 827. 

CretaceouH limestone in the Western 
Sierra Ma<lre of Cliihuahua, Me\., 
404, 407, 400, 421, 422, 433, 442. 

Crex, 314. 

Crocisa amboinensis, 221. 
caeruleifrons, 233. 
macleayi, 232. 
nigrcsccns, 221. 
nitidula, 221, 233. 
novaehollandiie, 221, 233, 
permtida, 233. 
quadrimaculat a, 232. 

Crocodilus, 835, 842. 

Crotalus atrox, 501-504. 

Crotaphytus coUaris bailcyi, 512-514, 
541. 

wislizenii, 513, 515-518, 

Croton monanthogyuus, 3. 
texensis, 3. 

Crotophaga, 339. 
ani, 339. 

Crymophiliis, 315. 


Cryptobothrus, 443. 
chrysophonis, 444. 

Cryptocerus, 53, 56, 77, 794, 795. 
angulosus, 273. 
cristatus, 272. 

Oryptogiaux, 334, 

Ctenus, 681. 

Ouculus, 339. 

americaniis, 339, 340. 
auratus, 340, 343. 
canorus, 339. 
glandarius, 330. 
honoratiis, 330. 
niger, 340. 
persa, 330. 
scolopaecuM, 330. 
vctula, 339. 

Cyanecula, 370. 

cterulecula, 370. 
cyanecula, 370. 
leueocyanea, 370. 
obscura, 370. 
ori(*utalis, 370. 
sLiecica, 370. 
wolfi, 370. 

Cyanerpes, 375. 

Cyanistes, 376. 

Cyanocephalus, 352. 

Cyanocincla, 378. 

Cyanocitta, 350, 352. 
azureiis, 351. 
coronatus, 351. 
cristat(4his, 351. 
cristatus, 351. 
cyanea, 351. 
cyanopogon, 351. 
floridanus, 351. 
forrnosns, 351. 
pileatus, 351. 
sieberi, 351. 

Kordidus, 351. 

Btelleri, 351. 

Cyanolajma, 345. 

('yanomyia sortlida, 347. 

Cyanophonia, 365. 

CyanoBpiza, 357, 363, 365, 382. 
amcena, 363. 
ciris, 363. 
cyanea, 363. 
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Cyanospiza parellina, 363. 

versicolor, 303. 

Cyanosylvia, 379. 

Cyanurus, 351, 382. 

Cyclopidius, 822. 
emytlinuK, 821. 
inoisivus, 21. 
simus, 821. 

OycIorrhynchuK, 291, 292, 381. 
Cygnopsis, 302. 

Cygnus, 302. 
gibbus, 310. 
musicuft, 310. 

Cylichna scitula, 827. 

Cyniatophlebia longiolat a, 141. 
Cyinimlis planipoimis, 617. 

Oynanthufl, 340. 
bifurcatus, 347. 
forficatus, 347. 
latirostris, 346, 347. 
lucifer, 317. 
minimus, 347. 
luiiia, 347. 

Cynips (Hhodites?) luboroulovsa, 030. 
Cynodosmus, 174, 181, 180. 
Iirovirostris, 178. 
minor, 172, 181, 180, 189. 
thomsoni, 172, 178, 181, 186. 
Oynodictis, 181. 

('’ynodon, 181, 

Cyoii, 180, 181. 

Cyphomyrmcx, 070, 071, 084, 715-718, 
741, 701, 705, 794-790, 798. 
asper, 716. 

auritus, 070, 083, 087, 720. 
bigibbosus, 670. 
champiorii, (i70, 
flavidus, 070, 720, 727. 
foxi, 070. 
kirbyi, 070. 
morschi, 070, 687. 
olitor, 070. 
parallelus, 070. 

rimosus, 275, 070, 088, 094, 719, 
723, 727, 768, 771-774, 795, 
798. 

rimosus subsp. dental us, 070, 
094, 722-724, 709. 
rimosus subsp. minutus, 070, 722, 
769. 773. 


Cyphornyrmex rimosus subsp. olin- 
dan us, 670. 

rimosus subsp. salvini, 070, 724. 
rimosus subsp. transversus, 070, 
723, 724. 

rimosus var. comalensis, 670, 719, 
722, 769-773. 

rimosus var. fusca, 070, 721. 
rimosus var. major, 070, 721. 
simplex, 070. 

strigatus, 070, 083, 087, 726. 
wheeleri, 070, 725, 727, 705-769, 
771-773, 798. 

Cypseloides, 344. 

Cypselus fumigatus, 344. 
melanoloucus, 344. 
senex, 344. 

Cyrtonyx, 323. 

Cyrtopeliejtnus, 301. 

Oaceton, 794, 795. 

Dacitc in W(\st(3rn Sierra Madre, 416, 
422, 425, 442. 

Dafila, 303, 305. 

eaudaeuta, 305. 

Dammara, 843. 

Dapluenus, 181. 

Daptioii, 297, 299. 
album, 297. 
antareticum, 297. 
capensis, 297, 
desolatum, 297. 
fuliginosum, 297. 
gelidum, 297. 
griseum, 297. 
niveum, 297. 

Dasylirion t^^xanum, 740. 

Dendragapus, 323. 

Dcndrocygna, 303, 310. 
arborea, 310. 
arcuata, 310. 
viduata, 304. 

Dendroica, 370. 

Dendronessa, 303, 305, 300. 
gsdericulata, 300. 
sponsa, 300. 

Dendromis, 304, 383. 

Dentalium gracile, 827. 

Depressaria lytlirella, 105. 
pulvipeimella, 105. 
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Depressaria robiriiella, 166. 

Derobrochus abstractus, 611. 
cajnuleiitus, 611. 
conimoratus, 610. 

Desmathyus, 217. 
pinensis, 173, 217. 

Desmatippus crenidens, 875. 

Diabaso in Western Sierra Madrc, 42(), 
433-435, 437, 430. 

Diacamma, 78. 

Diadertos, 653. 

Diceratheriurn, 172, 176, 247. 

Dichroniamissa, 312, 313. 

Dicyphus ealifoniiciis, 621. 

Dimetrodon, 265, 653. 
gigas, 266-268. 
incisivus, 266. 

Dinictis, 174. 

Dinoeyon, 181. 

Diomedea, 207. 

(Milniiiiata, 297. 
dernersus, 207. 
exulaiis, 207. 
fuliginosa, 207. 

Diphyodus, 842. 

Diplacudon, 243. 

Diplomorium, 78. 

Dipoides, 175. 

Dissorophus, 66(i. 

Dol»8chna, 142. 
elecatura, 143. 

Dolicbonyx, 353, 357. 

Dolicharhiinis cornut\is, 243, 244. 

Dolichoderus bispinosiis, 275. 
ehampioni. 275. 

Dolores, (-hiliuahua, g(‘ology of, 426, 
427. 

Doiniriicanus, 204. 

Dorylus, 34, 51, 56. 

Doryinynnex, 78. 
pyramicus, 275. 

Douglass. Karl, on new Merycoi- 
dodoiits from th(‘ Miocene of 
Montana, 800-822. 

Dremotherium, 178. 

DryobaU‘8, 342. 

Dryophanta eburm'us, 466. 

Dryoioinus, 342. 

Dumetella, 373. 


* Dysporus, 300, 382. 

I Dytes, 288, 280. 

j Eciton, 34, 54, 56, 674. 

j hamatum, 271. 

i pra»dator, 271. 

j rogeri, 271. 

I vagans, 271. 

I Ectatomma, 54. 

tuberculatum, 17, 23. 

I Ectocynodon, 653. 

Ectopiates, 325, 326, 364. 
migratoria, 326. 

Egretta, 312, 313. 

Elainia eayennensis, 348. 

Elanoides, 328, 331. 

Elanus, 328. 
ca'fiius, 328. 

Klaps euryxantlius, 580-501. 

Elephantodeta farinosa, 457. 

Elepluis, 127, 251. 
columbi, 255 257. 
iinperator, 252, 256. 
meridionalis 251, 252, 256. 

Elotherium, 172, 176. 

Emberiza aniericana. 365. 
bairdii, 350. 
bilineata, 361. 
erithopbtalma, 361). 
leucophrys, 350. 
nivalis, 357. 
oryzivora, 353. 
rulivirgata, 362. 

Einbolophorus, 653. 

Empe<loeies, 653. 

Enipidonax, 340. 

Enannonia eelipsana, 150. 

Enliydroeyon, 174, 180, 181, 180. 
crasBidens, 171, 190. 

Enneoctonus, 3(i8. 

Entolorna microearpum, 784. 

Entoptychus, 175, 211. 

? curtus, 171, 172, 213. 
formofus, 171, 172, 212. 

Eobasileus, 243. 

Eohippus, 242. 

Eotitanops (“Paltrosyops”) borealis, 
242. 

Ephedra, 744. 
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Ephedra antisyphilitica, 707, 
Ephippitiiyta biramosa, 455. 
Kpioauta maculata, (HO. 
Epimartyria aiiricTinella, 107. 
Epinotia ilidfoliana, 15S. 
Epipht‘idolc, 70, 78. 

Epitritim, 704, 705. 

Kporous, 54, 70, 78. 

Eporoodon, 172, 170. 

Kquisctinn la‘vip:atuin, 842, 8415. 
Equina*, 800, 871. 

Equus, 252, 800, 800. 
africanus, 252. 
ournminsii, 875. 
iMirystylus, 875. 
minutus, 875. 
piirv'uIuK, 872. 
phlejion, 875 
si!ni)li(*id(‘ns, 875. 
stc'uonis, 251. 

(IVotohippus) p(‘nli1us. 872. 
J>(‘bom3n*ina, 78. 

Kr(‘iin<‘t(*s, .'518. 

pi'trifinO Ilf?, 218. 

Krj!:atious, 1571. 

Kiionottn, 208. 
lOrisnuitiira, .‘5()(>, .‘5()i». 

I'>iuin liclitensioidcs, 021 
lOrolia, 218. 

varii'gata, 218, 
lOryops, 000. 
l‘>ythrina, 255 
JCucastor. 175. 

Kiicliiiris inynm‘ria*, 10. 
lOucnsma oOfuscana, 157. 
Kiicrutaphus iu'lrna*, 821, 822. 

montanu^, 821, 822, 
Kiidroinias, 220, 221. 
Kudynaiuy.s, 22i0 
Eudytos, 288, 280. 

Euethoia, 202, 204. 282. 
luigenoH, 244, 245. 

Euha])sif? gfaulodon. 172. 208 
Eulia juglumlana, 101 
Euiietta, 205. 

Eu{)hagu8, 354. 
lOuphono, 205. 

Euphonia, 2(55. 

nigrioollivS, 205. 


' Euphonia olivacea, 365. 

! Euphorbia antisyphilitica, 746. 
j Euplectrus coinstockii, 10. 

I EurygloHsa edwardsii, 230. 
i epliippiata, 230. 

j fasdatella, 230. 

, Kurynorhynchus, 318. 

I griseus, 218. 

Euspiza, 205. 

. Eutermes hiderodon, 780. 

! Exantheniops, 200. 

E. xania rugosa, 452. 

Kxartoma hippocastanum, 155. 

merrickanuxn, 150. 
versicoloranum, 157. 

Eysenhardtia ainorphoides, 707. 

F. \lco, 321. 

rmiginoKus, 221. 
albicilla, .221. 
apivoruH, 221. 
barbaruN, 221, 222. 
butoo, 229, .221. 
cachinnanK, 231. 
cierulesoons, 321. 
cauadonsis, 221. 
candicans, 222. 
clirysictoH, 320, 321. 
coluinbariiis, 221, 222. 
cyancus, 229. 
fenioralis, 222, 
f(*rrugin(*u8, 220. 
fnrlicatus, 228, 221. 
fulvus, 221. 
f ureal us, 228. 
fusco-ra*rul('soens, 222. 
geniilis, 221. 
gyrfaleo, 221. 
halia*tus, 221. 
lialiaetus, 222. 
hamatus, 229. 
barrisi, 220. 
islandus, .222, 
lagnpus, 220. 

, lanariiis, 221. 

I molano'tus. 221. 

; melanopterus, 228. 

milV us, 231. 

j missisKippiensis, 328. 
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FaJco nisus, 329, 331. 
nititliis, 330. 
palumbariiis, 329, 331, 
perejjrinus, 332. 
plumbous, 328, 329. 
ptoroclos, 330. 
pyj?arji:u8, 331. 
rupioola, 333. 
rusticolus, 331. 
sparverius, 331. 
subbuteo, 331, 332. 
suflflator, 331. 
tharus, 333. 
tinnunculus, 331, 332. 
urubiting:a, 330. 

Falcula, 331. 

Ficus spectabilis, 842, 843. 

Flabellaria ooconica, 843. 

Flammula, 784. 

Florida, 312, 313. 

Florisuga, 345, 347, 

Formica, 13, 29, 34, 49, 53, 09, 71, 82, 
90, 1)92. 

ciliata, 13, 79, 87. 

cineroa var. iieociiioi’oa, 41. 

dakolonsis, 79. 

difficilis, 78, 79. 

difficilis var. oonsorians, 37. 

exsecta, 35. 

exsectoides, 35, 87, 099. 

fervens, 703. 

fusca, 30, 31, 40, 87. 

fusca var. argontat4i, 41. 

fusca var. jijnava, 52, 

fusca var. neorufibarbis, 16, 41. 

impcxa, 78. 

microgyna, 55, 78, 79, 87. 

montigena, 78, 79, 87. > 

nepticula, 78. 

ncvadonsis, 78. 

oreas, 79. 

pallide-fulva, 38. 

pratcDsis, 29, 30. j 

rubicunda var. subintegra, 37. 
rufa, 16, 29-31, 35, 38, 40, 52, 79, ; 

87, 699. ; 

rufa Integra, 40. I 

rufaobscuriventris var. melanotiea, i 

41. ! 


Formica rufibarbis, 31, 33, 66. 

sanguinea, 29-33, 36, 38, 40, 86. 
sanguinea rubicunda, 36, 40. 
schaufussi var. incerta, 37-39. 
subpolita, 41, 42. 

Formicoxenus nitidulus, 54. 

Fouquicra splondons, 743. 

Fratercula, 291, 293. 
fratorcula, 291. 

Fregata, 299, 301. 

Fregetta, 299. 

Fringilla albicollis, 360. 
bachmaiii, 361. 
bicolor, 365. 
oajinabina, 356. 
carduolis, 357. 
caudacuta, 358. 
ohlorura, 362. 
cinoroa, 360. 
domostica, 356. 
orythrophthalma, 360. 
flavioollis, 360. 
graminoa, 358. 
hypolouoa, 363. 
iliaca, 361. 
lapporiica, 358. 
lopida, 363. 
linaria, 356. 
molodia, 361. 
luontana, 356. 
ornata, 363. 
oryzivora, 353, 357. 
passerina, 359. 
pocoris, 353. 

[Hmnsylvaiuca, 359. 
pusilla, 301. 
j)yrrhula, 355. % 

nibra, 305. 

• savanna, 358. 
spinus, 357. 
tristis, 357. 
vosportina, 355. 
violacea, 305. 

Fulica, 315. 
atra, 315. 
chloropus, 315. 
martinica, 315. 
noveboracensis, 314. 
porphyrio, 315. 
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Fulica spinosa, 315, 322. 

Fuligula, 303, 306. 
bicolor, 306. 
caryophyllacea, 306. 
cristata, 306, 307. 
tlispar, 306. 
dominica, 306. 
ferina, 306. 
ferruginea, 306. 
fischeri, 308. 
fulva, 30(). 
gniclini, 306. 
islaiulica, 306. 
marila, 306. 
novic-zelantlia*, 306. 
iiyroca, 30(). 
rubida, 309. 
vallisrieria, 306. 

Fulmarus, 297. 

antarcticMis, 298. 

PRantoiiB, 298. 
glaoUilis, 298. 

Furnarius j^riseiia, 373. 

Fiisarium, 792. 

Gaillahdia pul<*liella, 761. 

GaleoHCoptcs, 373. 

Galcrida, 350. 

Galerucolla decora, 619. 

Gallinago, 316. 
major, 316. 
media, 316. 
minor, 316. 

Galliiiula, 315. 
gallinula, 315. 

Gallopavo, 324. 

Gambusia, 105. 

nicaragncntsifi, 98, 99, 105. 

Garrulus, 352. 

califomicus, 351. 

Gavia, 288, 2iK), 291, 294, 305. 

Gelechia unctulolla, 164. 
vernella, 165. 

Gelochelidon, 295. 
agraria, 295. 
balthica, 295. 
raeridionalis, 295. 

Gennaia, 332. 

Geococcyx, 339. 


Geococcyx variegata, 339. 

Geopelia, 325. 

Geothlypis, 370, 371. 

Philadelphia, 370. 
poliocephala, 371. 

Gcotrygon, 325-327. 
cristata, 327. 
sylvatica, 327. 
versicolor, 327. 

Gidloy, James Williams, on Miocene 
and Pliocene Kquida^ 865-934. 

Gilia rigidnla, 767. 

Gingko adiantoides, 836, 843. 

Glaucidium, 333, 335. 

Glaucionelta, 307. 

Glottis, 319. 
natans, 319. 
stagnalis, 319. 

Glyptomyrmex, 794. 

Olyptostrobus europieus, 836. 

Glyptotheriiun, 251. 

Gnathotrichus, 78(), 791. * 

I Gneiss in western Sierra Madre, 422. 
I Gold in Western Sierra Madre, 422, 
426, 429. 

Goniocolletes, 231. 
morsus, 231. 

Grarilaria sassafrasclla, 167. 

Gracula qiiiscala, 355. 

Granite, intrusive in Cretaceous lime¬ 
stone of the Western Sierra 
Madre, 407, 421, 422, 442. 

Granititr in Western Sierra Madre, 422. 

Graphiiirn, 792. 

ambrosiigerurn, 792, 793. 
atrovirens, 793. 

Grus, 312, 313. 

Gryllacris major, 457. 

' Gryphiis, 328. 

I Guara, 311, 316. 

Guaroiiba, 337. 

' Guaynopita, (-hihuahua, geology of, 

, "421-423. 

. Guiraca, 362. 

; ca^rulea, 363. 

* hidoviciana, 303. 

nudanocephala, 3(i2, 363. 

Gyalopium canum, 587. 

! Gymnogyps, 327. 
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Oymnorhiniw cyanocephalus, 352. 

Oymnotus, 103. 

carapo, 99, 103. 

Gypagus, 327, 328, 382. 

Habia, 362, 3(i3. 

Hadro«tomus, 318. 

Hsematopus, 322. 
ostralegus, 322. 

Halianjtus, 331. 
nisus, 331. 

Haliplana, 296. 

fuligitiosu, 29(). 

Haloeyptcna, 298. 
inicrosoina, 29S 

Harelda, 303, 307. 
glacialis, 307. 

Harpalus ampiitafuR, 617. 
fnrtiviiR, 617. 

Harpes, 373. 

mliviva, 373. 

Harporliynphus, 373. 

Hay, Oliver P., on seven now species 
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